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SUMMARY
A quantitative measure of the amounts of nitrosatable compounds 
present in various foods was obtained by reacting whole foods with 
a large excess of sodium nitrite and studying the amount of N- 
nitroso compounds formed. This treatment produced several volatile 
N-nitrosamines, identified by combined gas chromatography - mass 
spectrometry, although the major products were non-volatile 
nitrosamines of unknown identity.
To obtain a measure of the probable nitrosation that may occur 
in the human stomach, after a nitrite-containing meal is consumed, 
the same foods were exposed to low concentrations of sodium nitrite 
(10 and 100 ppm.) in a medium simulating the human stomach. Under 
these conditions nitrosation of foods did occur, the products being 
mainly non-volatile N-nitroso compounds.
'In vivo' studies were performed, where nitrite—containing meals 
were fed to humans. No nitrosation could be detected and it was 
observed that the ingested nitrite disappeared rapidly from the 
stomach contents. Studies, in which dogs were fed large amounts 
of nitrite and amine, resulted in the formation of the corresponding 
N-nitrosamine in the stomach.
The catalysis of nitrosations by various biological anions was 
examined. None of the anions tested produced a marked catalytic 
effect and thiocyanate remains the most effective catalyst. Con­
centrations of thiocyanate, comparable to levels found in human 
saliva, were incorporated into incubations of food with nitrite in 
the simulated stomach medium, but there was no great enhancement in 
the amount of nitrosation that occurred.
The possible nitrosation of peptide bonds was studied, using 
glycyl glycine. It was demonstrated that an N-nitroso derivative
could be produced, although its yield was low. It was shown that 
other peptide bonds could also be nitrosated, but the nature of the 
constituent amino acids did not markedly affect the nitrosation. 
Several amines present in foods, were examined for their potential 
for nitrosation.
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ABBREVIATIONS
DMN - N-nitrosodimethylamine
DEN - N-nitrosodiethylamine
DPN - N-nitrosodipropylamine
DBN - N-nitrosodibutylamine
N-Pyr - N-nitrosopyrrolidine
N-Pip - N-nitrosopiperidine
RNA - Ribonucleic Acid
DNA - Deoxyribonucleic acid
GMP - Guanosine-5'-phosphate
u.v. - ultra violet
i .r. - infrared
g.c. - gas chromatography
t.l.c. - thin layer chromatography
TMAO — Trimethylamine oxide
MATERIALS
All chemicals, other than those listed below, were obtained from 
Fisons Chemicals Ltd., Loughborough, Leics. and were Analar grade 
or equivalent.
N-naphthyl-(l)-ethylene diamine, sulphanilamide, 4 5 HBr in glacial 
acetic acid, morpholine, all amino acids, glycyl glycine and prolyl 
glycine were supplied by British Drug Houses, Poole, Dorset.
All di- and tripeptides, other than those listed above, L-ascorbic 
acid, cholic acid and pepsin were supplied by Sigma (London) Chemical 
Co. Ltd.
Piperazine dihydrochloride hydrate and fumaric acid were supplied by 
Koch-Light Ltd., Colnbrook, Bucks.
Silicone DC antifoam .RD emulsion was supplied by Hopkins and Williams 
Ltd., Chadwell Heath, Essex.
N-nitrosodimethylamine, N-nitrosodiethylamine, N-nitrosodipropylamine 
N-nitrosopyrrolidine, N-nitrosopiperidine were supplied by Eastman 
Kodak Co. Eastman Organic Chemicals, Rochester, New York, U.S.A.
N-nitrosoproline, N-nitrosohydroxyproline, N-nitrososarcosine, N- 
nitrosomorpholine,and di-N-nitrosopiperazine were kindly prepared by 
Dr. T.G. Lunt at B.F.M.I.R.A., Leatherhead.
'Uniplate' precoated silica plates were supplied by Anachem. Tech. 
Inc., Newark, Delaware, U.S.A.
All gases were obtained from British Oxygen Co. Ltd., Crawley, Sussex
All column packing materials for high pressure liquid chromatography 
were supplied by Dupont.
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CHAPTER 1
INTRODUCTION
1.1. General Chemistry of N-nitroso Compounds and N-nitrosation
N-nitrosamines are a group of compounds of general formula
N - N ;= 0
Rn/
■where R ’ and Rn may be substituted or unsubstituted aryl or alkyl 
groups.
N-nitrosamides are similar, being derivatives of N- substituted 
amides, of general formula
0 N=0
I I 
R 1 _ C - N - R"
1.1.1. Formation of N-nitroso Compounds
(a) N-Nitrosamines
Until quite recently, many organic chemistry text books stated 
that N-nitrosamines were produced only from the reaction between 
secondary amines and a nitrosating agent and that tertiary amines did 
not undergo this reaction. However, Smith and Loeppky (1967), demon­
strated that tertiary amines did react with aqueous nitrous acid, to 
undergo dealkylation forming a carbonyl compound and an N-nitrosamine. 
Even more recently, Fiddler et al. (1972) showed that N-nitrosamines 
could be formed from both tertiary amines and naturally occurring 
quaternary ammonium compounds. There are also reports that the 
reaction of nitrous acid on primary amines can give rise to N-nitroso 
derivatives, as short lived reaction intermediates (Roberts & Casserio 
1965 ). It would seem therefore, that any type of amine is capable of 
reacting with a nitrosating agent to produce an N-nitrosamine.
The general reaction can be considered as a nucleophilic attack 
by the amine on the electron deficient nitrogen of the nitrosating 
agent (NOX) as shown below
Beyond this stage, the course of the reaction depends on the 
structure of the amine.
With a secondary aliphatic amine, a proton is lost from (I) and 
an N-nitrosamine is formed, e.g. the reaction of dimethylamine to form 
N-nitrosodimethylamine (DMN).
H ^
CH - JT*- N = 0 ---------;> CH„ - N - N = 0
3 I 3 I
CH CH
N-nitrosodimethylamine
(DMN)
Secondary aromatic amines react in the same way to form N-nitro­
samines. However, they can rearrange under acidic conditions to give 
a salt of the p-nitroso derivative. For example, N-nitrosomethylanil 
can rearrange to p-nitroso-N-methylaniline.
&
HC1
> ON
A _ f  %  = o 25°c
The action of a nitrosating agent on a tertiary aliphatic amine 
leads to a complex sequence of reactions, which eventually results in 
the formation of an N-nitrosamine and an aldehyde, e.g. the reaction 
of triethylamine to give N-nitrosodiethylamine (DEN) and acetaldehyde.
acetaldehyde
(CH3)2NH + NOX > (CH ) N - N = 0 + HX
N-nitrosodiethylamine (DEN)
Tertiary aromatic amines differ from tertiary aliphatic amines 
in that they do not give N-nitroso compounds, but undergo C-nitrosation, 
preferentially in the para position. It is possible that the N-nitroso 
derivative is formed first,which then isomerises to the p-nitroso 
derivative, this can be demonstrated with N,N-dimethylaniline (Roberts 
& Cas seriol965).
p-nitroso-N,N-dimethylaniline ^
The N-nitrosamine formed in the reaction of a primary amine with 
a nitrosating agent is unstable and undergoes keto-enol isomerisation 
to a diazotic acid. An example of this is the reaction of n-propyl- 
amine with nitrous acid.
H
N-nitroso-n-propylamine
1
CH3CH2CH2 - n = n - oh
n-propyldiazotic acid
(b) N-nitrosamides
Mono-N-substituted amides can be nitrosated to form N-nitrosamides
The general reaction is shown below
H O  XTOV H 0I I NOX , | |
R - N - C - R   > R - N^ r- C - R'
ft
0
0
R - N - C - R 1
I
If
0
Di-N-substituted amides do not react under these conditions.
1.1.2. Kinetics and Optimum Conditions for Nitrosations.
The most familiar nitrosating agent is nitrous acid, which exists
only in solution and is easily prepared by acidifying solutions of
—6nitrites. Nitrous acid is a weak acid (K~_o= 6.0 x 10 ). The
. ^ 5
species which acts as the effective nitrosating agent depends on the 
conditions used, but usually it is not nitrous acid itself.
At low acidity, the anhydride of nitrous acid, dinitrogen trioxide 
(N2°3)’ is thought to be the nitrosating agent and this is formed 
relatively slowly in accordance with
2HN02 <_ .;■:=> 0 = N - 0 - N  = 0 + ^ 0
dinitrogen trioxide
¥ith increasing acidity, the nitrous acid becomes protonated and 
the nitrous acidium ion is formed (^NC^^.
Eventually at. higher acid concentrations, the nitrosonium ion,
NO , is generated. Nitrosyl halides,e.g. nitrosyl chloride, N0C1, may 
also be formed in the presence of halogen acids. These last two 
species are far more powerful nitrosating agents than dinitrogen tri­
oxide , because of their electrophilic character and therefore it might 
be expected that highly acidic conditions would be the most favourable 
for N-nitrosation.
However, another factor must also be taken into account and this 
is the basicity of the reacting amine. In an acidic medium, the nucleo- 
philic amine, being a relatively strong base, will be readily protonated 
and hence converted to the cationic form RNH^, which will be unreactive. 
At high acid concentrations, the cationic form of the amine will 
predominate. Therefore, for N-nitrosation to occur, the amine must be 
present in its non-ionised form, and at any given pH, the amount of 
‘free amine’ will depend upon the pKa value for the amine. Amines 
with a high pKa value,i.e. strong bases,will be more readily protonated 
at a given pH than weaker bases (low pKa value).
Sander et al.(l968) incubated secondary amines of various basicities 
(e.g.:- dimethylamine, diphenylamine, N-methylaniline) with sodium nit­
rite in a. dilute acid medium and found that the yield of any nitros- 
amine depended greatly on the basicity of the corresponding amine.
Weakly basic amines were nitrosated more readily than the strongly basic 
amines, in some cases up to a thousand times more readily. They found 
that the optimum pH for nitrosation depended on the amine but was 
generally between pH 1 and 3.
Kinetic studies
Mirvish (1970) studied the kinetics of the N-nitrosation of 
dimethylamine using tritium labelled dimethylamine and followed the 
reaction by radioactive assay of the tritiated DMN formed. He found 
that the chief nitrosating agent at pH 1 was dinitrogen trioxide. The 
rate of nitrosation depended on the amine concentration and the con­
centration of dinitrogen trioxide, which in turn depended on the square 
of the nitrous acid or nitrite concentration,since:-
NaN02 + HC1  ---- -> HN02 + NaCl
2HN02 v = = ^  N203 + H20
(CH3)2NH + N203  i (CH3)2NN0 + HN02
free amino ~
Hence, rate = kj, |~ ( C H ^ ^ N H ^ H N O ^  Eqn. 1,
where C 3 = molar concen­
tration.
k^ is calculated from the concentration of ncn-ionised amine and the 
nitrous acid concentration and is therefore independent of pH.
The rate can also be expressed in terms of the total amine and 
total nitrite concentration, i.e.:-
Rate = k2 £ total amine total nitritej Eqn..2.
k2 is the stoichiometric rate constant and is dependent on pH.
Mirvish (1970) studied the effect of the pH of the reaction and 
found that the highest reaction rates and yields of DMN were obtained 
at pH 3.4 and the reaction rate reached low values above pH 5 and 
below pH 1.5 (see Table 1.1.).
Mirvish (1970) also studied the effect of varying the stoichio­
metric concentration of sodium nitrite at pH 3.4. Table 1.2. shows 
the results he obtained from incubating 0.02 M of dimethylamine with
Table 1.1. RATE CONSTANTS FOR THE NITROSATION OF DIMETHYLAMINE
AT DIFFERENT -pH'S (MIRVISH. 1970).
pH. Yield of DMN (#)
1C)2*k2*
(mole ^.min ^.1^)
10 6.k1. 
(mole ^.min ^.1^)
1.5 3.3 1.88 32.2
2.0 5.0 2.88 16.4
2.5 9.3 6.24 13.3 f
3.0 14.3 8.94 9.5
3.4 15.5 9.66 8.8
4.0 9.0 5.34 7.7
4.5 3.1 1.76 6.1
Table 1.2. EFFECT OF NITRITE CONCENTRATION ON THE NITROSATION OF
DIMETHYLAMINE (MIRVISH, 1970).
NaNO
(M)
Yield of DMN 
(fo of theoretical 
yield)
102.k?
-2 . -1 .2.Imole .mm .1 ;
0.02 0.9
0.025 1.7 16.5
0.04 3.8 13.8
0.05 5.5 12.8
0.06 7.3 12.1
0.075 12.4 13.6
0.10 16.9 10.7
. 0.125 21.8 9.1
various concentrations of sodium nitrite for 3 hours at 25°C and 
pH 3.4. At low nitrite concentrations, very little nitrosation 
occurred and the importance of the nitrite concentration was stressed, 
since the reaction rate is second order with respect to the nitrite 
concentration.
Mirvish (1971) studied the rates of N-nitrosation of amines
having differing pKa values. For example, the rate constant (l^) for
the nitrosation of piperazine, a weak base (pKa 5.57) was 5,000 mole 
—1 2min .1 , whereas that for piperidine, a strong base (pKa 11.2) was 
0.027 mole ^.min ^.1 .^
Schweinsberg and Sander (1972) studied the kinetics of the re­
action between tertiary amines and nitrite and found that for the 
nitrosation of the simple aliphatic amines trimethylamine and triethylamine, 
the best yields of the corresponding nitrosamines were produced at pH 3.3. 
However, the amount of DEN formed from the nitrosation of triethylamine 
was one two-hundredthof that formed from the reaction of diethylamine 
and nitrite, using the same conditions. They also found that the rate 
of nitrosation of tertiary amines obeyed the equation
£aminej£nitritej
which would agree with the proposed mechanism stated earlier in this 
chapter.
The kinetics for nitrosation of amides was studied by Mirvish 
(1971), who nitrosated alkyl ureas, alkyl guanidines and N-alkyl 
urethanes. He found that methyl urea nitrosated readily, the reaction 
rate being proportional to the concentrations of methyl urea and nitrite 
(not its square) and that the rate increased ten-fold for each unit drop 
in pH between pH 1 and 3. The reaction rate followed equation 3 and 
the active nitrosating species was probably the nitrous acidium ion 
(h2no®) formed reversibly from HNO^ and
Rate = k 3 . [ MeNH.CO.NH^ ][hn°2][h®I - Eqn. 3.
This differs from the nitrosation of dimethylamine, where the 
reactive non-ionised amine is only a small fraction of the total 
amine under acidic conditions; methyl urea is completely non-ionised 
under these conditions.
Other alkyl ureas and N-alkylurethanes were nitrosated similarly, 
but at a slower rate. Sander et al.(1971) demonstrated that amides 
such as N-methylacetamide did not show any measurable reaction with 
nitrite in dilute acidic solutions.
1.1.3. Catalysis of N-nitrosations by Certain Anions
N-nitrosation reactions may be catalysed by certain anions.
Boyland et al. (1971) studied the nitrosation of N-methylaniline and 
morpholine, in presence of halide and thiocyanate ions. Iodide and 
thiocyanate ions were both effective catalysts. For example, the 
relative rate of nitrosation of N-methylaniline was 255 times greater 
in the presence of thiocyanate than in the uncatalysed reaction. The 
catalysis was accompanied by a change, in the pH optimum for the nitro­
sation from 3.4 in the uncatalysed reaction to pH 1 in the catalysed 
reaction.
The catalysis of N-nitrosations by the thiocyanate ion is of 
particular importance, because this anion is a normal constituent of human 
saliva and seems to be present in most human gastric juice (Schweinsberg, 
1973). The amount of thiocyanate in saliva is greatly increased in 
people who smoke, due to the inhalation of cyanide products from the 
pyrolysis of tobacco. Thiocyanate is also found in certain foods, in 
particular those in the brassica family e.g. Savoy cabbage - 300 ppm, 
cauliflower - 100 ppm (Sander, 1973).
Fan and Tannenbaum (1973) studied the effect of several anions on 
the nitrosation of morpholine and found that the thiocyanate ion was
the most effective promoter of nitrosation, -with the catalytic effect 
diminishing in the series
SCl^N^ S042^  = C104@  = H2P04®  = RCO^
They too observed a pronounced shift in the pH optimum for the 
reaction and also a change in the influence of the reactant concen­
trations on the reaction rate, -when thiocyanate vas present. Although 
an increase in the nitrite concentration led to an increase in the rate 
of nitrosation, when the thiocyanate ion concentration was increased 
relative to nitrite, a decrease in the reaction rate was noted.
Following these observations, Fan and Tannebaum proposed a different 
mechanism for the catalysed nitrosations, after Turney and "Wright (1959).
HN02 * v---N XNO + H20
XNO + R2NH----- ---- > R2NN0 + #  + ^
this gives a new expression for the rate of nitrosation i.e.:-
Where catalytic anion.
The catalysis of N-nitrosations in neutral and basic media by. 
formaldehyde and chloral has been demonstrated by Keefer and Roller 
(1973). Nitrosations occurring by tfce mechanism described in this 
chapter (see Section 1.1.), would obviously be impossible at pH 7 and 
above and in fact, no reaction between nitrite and an amine occurs 
above pH 7. However, the addition of formaldehyde to the reaction 
mixture of nitrite and various amines produced the corresponding 
N-nitrosamine; in some cases yields of over 90fo were obtained at 
pH's ranging from 6.4 to 11. An entirely different mechanism must 
have been operating here and Keefer and Roller proposed that the amine
and carbonyl group of the catalyst form a 'Mannich-base' adduct, which 
is highly reactive towards nucleophiles. The nitrite ion then reacts 
readily with this adduct, which adopts a conformation where the two 
nitrogen atoms approach each other and an N-nitrosamine is formed.
— \  »• x/
R-NH + R *C = 0
^ £ I ^
0
V C - ® 2
IONOa
R »C - NR. 2 | 2
0
f  ©
R 'C - NR2 | 2
H
+H&
©
R2 'C = NR2
-h2° OH
R2 A
-> R2 !C = 0 + R2N-N0
This mechanism would be quite feasible except for the fact that 
a proton is required prior to the elimination of water to form the 
Mannich-base.
1.1.4. Inhibition of N-nitrosation
Several workers (e.g.:- Mirvish et__al.l972, Greenblatt 1973) 
have shown that ascorbic acid is an effective inhibitor of N-nitrosa­
tion reactions. Ascorbic acid reacts with nitrous acid to form
dehydroascorbic acid and nitric oxide. 
OH OH 0 0
+ 2HN0, + 2N0 + 2H20
CH-CH-OH 
I 2 
OH
0 0 ch-ch 0H
OH
Presumably this reaction proceeds fast enough for the nitrite to 
be removed before nitrosation can occur. Fan and Tannenbaum (1973a) 
showed that when using an ascorbic acid : nitrite ratio . of two, the
nitrosation of raorpholine was completely inhibited. Ratios less than 
this, resulted in partial inhibition.
Challis (1973) has suggested that phenolic compounds may be in­
hibitory to N-nitrosation. Phenols react with nitrous acid to form 
C-nitroso compounds and experiments showed that this reaction takes
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place about 10 times faster than the N-nitrosation of dimethylamine 
at pH 1.5 and 25°C. Therefore, phenolic compounds would preferentially 
react with nitrite and thereby inhibit the formation of N-nitroso 
compounds.
1.1.5. Effect of Temperature
The effect of temperature on the rate of nitrosation of morpholine 
has been studied by Fan and Tannenbaum (1973). It was found to obey a 
simple Arrhenius plot and the reaction required an activation energy of 
10 kcals/mole, which was independent of the absence or presence of any 
anions. The same workers (1973b) studied the rate of nitrosation.of 
morpholine in frozen solution. They found that freezing the reaction 
mixture accelerated the rate of nitrosation markedly. This was 
explained by the fact that when an aqueous solution freezes, solute 
molecules are excluded from the ice lattice and concentrated in the 
liquid phase. A 0.C01 M initial reactant concentration, being 99.9$ 
solid at -5°C, was concentrated 1,000 times in the liquid phase and 
since the nitrosation reaction is third order with respect to nitrite 
and morpholine concentrations, a large increase in reaction rate is to 
be expected.
1.1.6. General Properties of N-nitroso Compounds
It is hard to generalise on the physical properties of N-nitroso 
compounds, since the nitroso group is the only group common to all
these compounds.
The simple dialkyl N-nitrosamines are either oily liquids or 
solids and are characteristically yellow or orange-yellow. These 
simpler compounds are very weak bases and are insoluble in dilute 
aqueous acid. DMN is miscible with water in all proportions, whilst 
higher homologues are sparingly soluble in water, but soluble in many 
organic solvents.
(a) Stability
In their review of N-nitroso compounds, Magee and Barnes (1967) 
stated that in general dialkyl N-nitrosamines were quite stable to 
strong alkali, but that under acidic conditions, the nitroso group was 
lost and the corresponding secondary amine was generated. The reverse 
was true of N-nitrosamides, which were stable in acid, but decomposed 
under alkaline conditions to give the corresponding diazoalkane.
Fan and Tannenbaum (1972) studied the stability of four nitrosamines 
with widely differing structural characteristics. These were the 
simplest dialkyl nitrosamine DMN, N-nitrososarcosine which is the 
N-nitroso derivative of N-methyl glycine, N-nitroso pyrrolidine(N-Pyr), 
a heterocyclic compound, and N-nitroso proline, which is cyclic and 
has an adjacent carboxyl group.
They found that at neutral pH, all these compounds were relatively
stable, T^ equalled 21 days at 110°C. Under acidic conditions, pH 2.2,
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N-nitroso proline and N-nitrososarcosine had half lives of 2 hours and 
7 hours respectively, whilst N-Pyr and DMN both had half lives of 150 
days. Fan and Tannenbaum attributed the instability of the first two 
compounds at acid pH to their carboxylic acid groups. At alkaline 
pH (11.0 to 12.5) the compounds with cyclic structure (N-Pyr and 
N-nitroso-pro1ine) had high decomposition rates about 100 times greater 
than the non-cyclic compounds. All these experiments were carried out
The results seem to conflict with all previous observations on
the stability of N-nitrosamines at various pH’s.
(b) Photosensitivity
N-nitrosamines are characteristically photosensitive and are split 
on exposure to u.v. light. The product is the short lived species 
N0« or NO^ which may then combine with a hydroxyl ion to give NO^ "^ .
This property is the basis of the test devised by Daiber and Preussman
(1964) for the detection of N-nitrosamines, which are submitted to 
photolysis in an alkaline medium and the nitrite released is estimated 
by conversion to an azo dye.
(c) Reduction
N-nitrosamines can be reduced to unsymmetrical hydrazines.
Dimethyl hydrazine has been prepared in this way,for use as a rocket 
fuel.
CH.2H
N - N = 0 N = NH.
CH. CH.
(d) Reaction with -SH Groups
N-methyl nitroso urethane reacts with the sulphydryl groups of 
cysteine and glutathione at neutral pH to give the respective S- 
carbethoxy and S-methyl derivatives and their methyl esters, with the 
evolution of nitrogen (Magee and Schoental, 1964).
R - SH +
CH - N - N = 0
3 I
C = 0
I
OEt
CH. - N - N = 0
3 i
r _ s - C - OH 
I
OEt
I
RSCO^Et + 
2-f«®
H2NJ  + H2°
1.2. Toxic Effects of N-nitroso Compounds
1.2.1. Acute Toxicity
N-nitrosamines first aroused interest in the early 1950’s, when 
laboratory workers exposed to DMN developed cirrhosis of the liver 
(Barnes and Magee, 1954), although earlier reports were noted of 
spillages of DMN causing acute irritation to laboratory workers’ eyes, 
lungs and skin. Experiments were carried out therefore to investigate 
the effects of N-nitrosamines further. Barnes and Magee (1954), 
showed that in a number of species, ratsy rabbits, mice, guinea-pigs 
and dogs, a single lethal dose of DMN given by either injection or 
orally, produced extensive liver necrosis. Rats given an L D ^  dose 
by intraperitoneal injection (26.5 mg DMN/Kg body weight) died within 
2 to 6 days and this treatment produced both severe liver damage and 
caused haemorrhages in the liver and lungs. DMN administered by other 
routes (e.g.:- orally, intravenously, subcutaneously) produced similar 
results. A dose of 15 mg DMN/Kg body weight killed rabbits in less 
than 24 hours and mice within 30 hours.
Chronic poisoning was produced by feeding rats a diet containing 
50, 100 and 200 ppm DMN. Vith the lowest concentration of DMN, no 
rats died but their mean body weight was significantly lower than the 
control group of rats. At the intermediate concentration (100 ppm), 
all rats died within 62 to 95 days and at 200 ppm the rats died after 
34 to 37 days on the diet.
Since this pioneer work by Magee and Barnes, other N-nitroso com­
pounds have been studied and many of these produced acute toxic 
effects. In a comprehensive review by Magee and Barnes (1967), single
oral LD^q values are listed for over twenty N-nitroso compounds; some
are shown in Table 1.3.
1.2.2. Carcinogenic it.y
In addition to these acute toxic effects, N-nitroso compounds have
TABLE 1.3. THE ACUTE TOXICITY OF N-NITROSO COMPOUNDS
(AFTER MAGEE AND BARNES (1967)).
Compound
Single oral I ^ q dose 
for rats (mg/kg)
N-nitrosodimethylamine 27.41
N-nitrosodiethylamine 216
N-nitrosodi-n-butylamine 1,200
N-nitroso-n-butylmethylamine 130
N-nitroso-tert-butylamine 700
N-nitrosomethylphenylamine 200
N-nitrosobenzylmethylamine 18
N-nitrosomorpholine 282
N-nitrososarcosine 4,000
N-methyl-N-nitros ourea 180
N-methyl-N-nitrosourethane 240
N-nitrosotrimethylurea 250
since been shown to have powerful carcinogenic, mutagenic and terato­
genic activities.
After their findings on the acute toxic effects and the associated 
severe liver damage caused by DMN, Magee and Barnes (1956) investigated 
this compound for the possible production of liver tumours. Their 
attention was drawn to this aspect because the senecio alkaloids pro­
duced similar effects to those produced by DMN, and these compounds had 
also been shown to produce hepatic tumours. They demonstrated that 
rats fed a diet containing 50 ppm DMN, developed primary hepatic tumours 
between the 26th and 40th week of treatment.
In their review of N-nitroso compounds,Magee and Barnes (1967) 
listed thirty two different N-nitrosamines and N-nitrosamides which 
produced tumours (often at several different sites) in a range of experi­
mental animals and more than eighty N-nitroso compounds are now known to 
be potent carcinogens (Preussman, 1973). Studies have indicated that 
these compounds are extremely versatile carcinogens, inducing tumours 
in almost all the important organs e.g.:- liver, lungs, kidney, bladder, 
nose and nasal sinuses, oesophagus, stomach, small and large intestines, 
the nervous system and the brain. Generally, whatever the type of 
N-nitrosamine or N-nitrosamide, there is a carcinogenic risk. Different 
compounds vary in their carcinogenic potency and specificity for target 
organs, but relatively few are non-carcinogenic.
The organ specificity of a particular N-nitroso compound appears to 
depend on its chemical structure and to a lesser extent on the animal 
species, the route of application and the dosage. Druckrey et al«(1967) 
attempted to relate the structure of the nitrosamine to the site of 
tumour production and found that simple dialkyl nitrosamines attacked, 
the liver, whilst unsymmetrical dialkyl nitrosamines preferred the 
oesophagus. Cyclic nitrosamines gave a mixed response, inducing tumours
in either the liver or oesophagus or showing no carcinogenic activity. 
Alkyl acyl nitrosamides produced tumours in the liver or oesophagus and 
some gave rise to tumours in the brain, nervous system and spinal cord. 
Magee (1971) suggested that the nature of toxicity of an N-nitroso com­
pound depends, in part, on its chemical stability. For instance, 
N-nitrosamines are quite stable under physiological conditions, whereas 
N-nitrosamides decompose readily at pH 7. Dialkyl nitrosamines seem 
to cause liver damage and this effect might be best explained by the 
fact that the tissue damaging action is due to a metabolite of the N- 
nitrosamine. Foreign compounds are metabolised by the enzymes in the 
liver and the N-nitrosamines, too, are metabolised there and the 
produced metabolite causes liver damage. N-nitrosamides, however, do 
not require to be metabolised by such enzymes and decompose spontaneously, 
producing local tissue damage and in some cases causing damage to organs 
with rapid cell turnover e.g. bone marrow.
Many N-nitroso compounds show carcinogenic activity after the 
administration of only a single dose (Druckrey et al. 1967, Sander and 
Schweinsburg, 1972). Terracini et al. (1967) showed that a single 
dose (50 ppm) of DMN given to rats produced liver tumours in 70$ of 
the survivors. A single dose of (50 ppm) N-methyl-N-nitroscurfeavas 
found to be strongly carcinogenic in rats and mice (Terracini and Testa, 
1970}f Even lower single doses (l.25 mg/kg) of DEN produced kidney 
tumours in rats (Mohr and Hilfrich, 1972).
1.2.3. Foetal Toxicity and Teratogenicity
Rats given single doses of N-methyl-N-nitrosourea on the 13th and 
14th day of pregnancy, either produced deformed offspring or the 
foetuses were killed and resorbed (Yon Kreybig, 1965). N-nitros- 
amines also are known to undergo placental transfer in experimental 
animals (Anon. Bibra Bull. 1966) and as a result of exposure to the
nitrosamines ’in utero', the offspring are affected; e.g.
Alexandrov (1968) induced renal tumours in the offspring of rats 
treated with DMN during gestation, although the yield of tumours was 
substantially greater in the mother and the period of induction was 
shorter than in the young.
1.2.4. Mutagenicity
Many carcinogenic N-nitroso compounds are mutagenic also. This 
fact is of great importance when attempting to explain the mechanism 
of carcinogenesis induced by the compounds and is discussed in detail 
below (Section 1.3).
Various N-nitroso compounds are mutagenic to the fruit fly 
Drosophila. For example, N-methyl- and N-ethyl-N-nitrosoureas are 
stated to be the most powerful known mutagens in Drosophila (Alderson, 
1965), whilst N-methyl-N-nitroso-N'-nitroguanidine is claimed to be 
the most potent chemical mutagen for bacteria (Adelberg et al.. 1965). 
Although N-nitrosamides show the greater mutagenic activity, N-nitros­
amines also show this effect (Pasternak, 1963).
1.3. Metabolism of N-nitroso Compounds and the Production of Their 
Carcinogenic Effects
1.3.1. Metabolism
In 1956, Dutton and Heath demonstrated that the metabolism of DMN
'in vivo’ takes place rapidly. When rats and mice were injected with
14 14C labelled DMN, most of the radioactivity was expired as CO^ within
14a few hours. The remainder of the C was distributed in the tissues.
They concluded that DMN was rapidly demethylated 'in vivo' and that the
biochemical lesions must be caused by a metabolite of DMN and not the
15compound itself. Heath and Dutton (1958), using N-DMN, showed that 
the compound was demethylated into one carbon intermediates, which were
then either oxidised to CO^  or used in body metabolism. From the rates 
of metabolism of various dialkyl nitrosamines, Heath (1962) postulated 
that the toxic agents in N-nitrosamine metabolism were either diazoal- 
kanes, or monoalkylnitrosamines or the carbonium ions formed from them. 
Other suggested intermediates have been the corresponding aldehyde, nit­
rous acid, a hydroxylamine derivative and a hydrazine derivative, all 
of which are known mutagens (Magee and Barnes, 1967). However, most 
evidence suggests that alkylation of cellular components is the most 
likely mechanism.
The metabolism of DMN !in vitro' was first reported by Magee and 
Vandekar (1958). Incubating liver slices and DMN in an atmosphere of. 
oxygen caused disappearance of the DMN; when the experiment was carried 
out in air, the rate of decomposition of DMN was greatly reduced and in 
an atmosphere of nitrogen, no decomposition was detected. The meta­
bolism of N-nitrosamines 'in vitro' has been demonstrated in organ
tissue other than the liver (Magee, 1969). Using DMN and DEN
14and studying the production of CO^ to follow the rate of metabolism, 
it was shown that tissue slices from the kidney, lung, small intestine 
and oesophagus were all capable of metabolising the N-nitrosamines. 
Although the liver showed the fastest rate, the kidney also showed 
appreciable activity, whilst the lung and oesophagus were definitely 
active, the activity in the small intestine was extremely low.
Montesano and Magee (1970) in a comparative study 'in vitro' with 
DMN showed that this compound was metabolised in a quantitatively 
similar manner in both human and rat liver. This is extremely rele­
vant when attempting to extrapolate animal data to man.'
1.3.2. Biochemical Effects
Magee (1958) reported that DMN inhibited the incorporation of
amino acids into the liver proteins of the rat. The incorporation
14 ' «/ ■of C labelled amino acids into liver proteins was reduced by 50yof
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3 hours after a dose of DMN was given, also incorporation of P 
into partially purified RNA was inhibited. This suggested that the 
inhibition of protein synthesis was due to damage to the microsome 
structure by a toxic metabolite of DMN produced at high concentration 
close to the site of active amino acid incorporation.
DMN has been shown to methylate liver proteins and nucleic acids 
in rats and rat liver slices (Magee and Farber, 1962, Magee and Hultin, 
1962). Using 14C DMN, it was shown that a large part of the radioacti­
vity in the protein was present as methylated histidine and that the 
radioactivity in the nucleic acids was in the form of 7~methyl guanine.
Craddock and Magee (1963) showed that both kidney and liver DNA were
14rapidly methylated, after administration of DMN - C labelled, but then 
the methyl group was lost rapidly from the liver, but more slowly from 
the kidney. Liver and kidney RNA's were also methylated, primarily 
at the seven position of guanine, the methylation reaching a maximum 
5-12 hours after the injection of DMN. Magee and Barnes (1967) indi­
cate that 7-methyl guanine is overwhelmingly predominant following the 
administration of DMN, although other abnormal bases may be produced. 
Schoental (1966) found that the methylation of guanine by N-methyl-N- 
nitrosourethane, ’in vivo' and 'in vitro', was enhanced by cysteine and 
suggested thau thiol groups may be involved at some stage in the carcino­
genic process.
Villa-Trevino (1967) suggested that messenger - RNA is alkylated 
and then destroyed or is functioning defectively, since protein inhibi­
tion was paralleled by breakdown of ribosomal aggregates. More 
recently, Lopez-Corrella (1972) demonstrated polysome disaggregation 
due to DMN. Using tritiated DMN, Muramatsu et al. (1972), investigated 
the extent of methylation of various RNA's of mouse liver, and found
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that the DMN H methylated all stable RNA’s in both the cytoplasm and 
nucleus in a very short time, although the extent of methylation 
varied with each kind of RNA. Evidence was obtained that the 
methylated RNA became unstable ’in vivo’ e.g.:- methylated r-RNA had 
a half life of 1.5 days whereas normal RNA had a half life of 5 days. 
Ludlum and Magee (1972) demonstrated that nitrosoureas reacted with 
polycytidylate templates seriously affecting their activity, by 
showing that the incorporation of GMP was greatly reduced using N— 
methyl-N-nitrosourea treated poly(C).
1.3.3. Possible Mechanism for Carcinogenic Action
The relationship between the toxic effects of N-nitroso compounds 
and their stability was mentioned earlier, i.e. N-nitrosamides de­
compose spontaneously and damage cells they come into contact with, 
whereas N-nitrosamines require enzymes for their decomposition and 
therefore cause damage to sites containing the necessary enzymes.
This would.explain both the acute toxic, and the mutagenic and carcino­
genic properties of these compounds. DMN or DEN are not toxic or 
mutagenic to bacteria and yeasts, presumably because they lack the 
necessary enzyme-systems for metabolism of these compounds, whereas 
N-nitrosamides induce mutations in these species.
Many workers have shown that N-nitroso compounds are active 
methylating agents of both proteins and nucleic acids, thus the 
formation of an alkylating agent must be involved. Magee and Farber 
(1962) suggested that a diazoalkane could be the alkylating species 
and Druckrey et al. (1967, 1968) proposed the mechanism for the 
breakdown of N-nitroso compounds ’in vivo’, shown in Fig. 1.1.
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The diazoalkane or carbonium ion then alkylates nucleic acids, 
changing the genetic code and interfering with protein synthesis.
Fig. 1.1. BREAKDOWN OF N-NITROSO COMPOUNDS AFTER DRUCKREY ET AL. (1967).
However, Lijinsky et al. (1968) indicated that diazoalkane was not the 
active alkylating agent. Treating rats with fully deuterated DMN, 
they showed that the methyl group of 7-methyl guanine contained three 
deuterium atoms. If the diazomethane intermediate had caused the 
methylation, then only two of the three deuterium atoms from the 
deuterated DMN would be expected to appear in the methyl group of 
7-methyl guanine. Also, Argus et al. (1965) claimed that heterocyclic 
N-nitrosamines, some of which are potent carcinogens, would not be 
metabolised and their carcinogenic action must be caused by the 
unchanged molecule itself. Lijinsky and Ross (1969) showed that the 
nucleic acids in rats livers were not methylated after treatment with 
various heterocyclic nitrosamines, suggesting that metabolism of these 
compounds to an alkylating agent had not occurred.
1.4. Occurrenceof N-nitroso Compounds in the Environment and Their 
Detection.
1.4.1. Occurrence
In 1954, research into the toxic properties of N-nitroso compounds 
had been initiated because of the indications of human toxicity caused 
by the industrial use of DMN as a solvent. However, in the early 
1960's, renewed interest was aroused when outbreaks of liver poisoning 
in sheep were reported in Norway. The disease, often fatal, was 
attributed to the herring meal, on which the sheep were fed, and which 
had been preserved with sodium nitrite. Subsequent examination of the 
feed revealed that it contained 30 to 100 ppm. of DMN (Ender et al., 
1964, Sakshaug et al., 1965). This discovery caused much concern: 
that possibly N-nitroso compounds could occur in the environment, . 
particularly at concentrations too low to produce the acute toxic 
effects yet large enough to induce cancer.
As a result of this, the problem of N-nitrosamines contaminating 
the human food supply was examined. Early investigations showed DEN 
was present in samples of wheat flour, wheat plants, milk and cheese 
(Hedler and Marquardt, 1968). However, Thewlis (1968), was unable to 
find DEN in wheat flour. Ender and Ceh (1968) found traces of N- 
nitrosamines in mushrooms. Du Flessis et al. (1969) reported the 
presence of DMN, identified by g.l.c. and n.m.r., in the fruit of a 
plant (Solarhum incanum), which grows in the Transkei area of South 
Africa. They suggested that the presence of DMN might be linked with 
the molybdenum deficient soil and the high incidence of oesophageal 
cancer in the Bantu natives of the area. However, this report has 
not been substantiated by later samples taken from the area. N- 
nitrosamines were detected in alcoholic drinks, brewed by the natives 
in Central Africa (McGlashan et al., 1968) which they suggested were 
associated with outbreaks of oesophageal cancer in the area. More 
recently, however, Williams et al. (1971) have shown that the DMN 
reported by McGlashan et al. (1968) was in fact furfural, which was 
identified by gas chromatography and mass spectrometry. N-nitrosamines 
were thought to have been produced by the Maillard reaction, the con­
densation of amino acids with aldoses, (Devik, 1967), but later these 
products were shown to be pyrazines and acetopyrroles (Heyns and Koch, 
1970, Scanlan and Libby, 1971). Therefore, earlier reports of the 
presence of N-nitrosamines, detected by methods such as polarography, 
must be regarded with some scepticism, and the positive identification 
of the presence of N-nitrosamines is only assumed to be correct nowa­
days with analysis by combined gas chromatography and mass spectrometry. 
Druckrey and Preussman (1962) suggested that N-nitrosamines could be 
formed when tobacco burns, since nitrate and several secondary amines 
are present in tobacco. Since then several investigators have
demonstrated the presence of nitroso compounds in tobacco smoke 
(Neurath et al., 1965, Rhoades and Johnson, 1972.)
However, the greatest problem at present lies in the fact that 
sodium nitrite is used as an additive in the food industry as a pre­
servative in meat products and certain cheeses; the maximum permitted 
residual concentration of sodium nitrite in any product being 200 ppm.,
although larger concentrations (up to 2,000 ppm.) are used in the
initial processing. N-nitroso compounds may then be formed during 
the food processing or afterwards, by reaction of the nitrite with
nitrosatable amines present in the food.
Crosby et al.. (1972) examined a range of cured food products by 
combined gas chromatography - mass spectrometry for four nitrosamines,
DMN, DEN, N-Pyr and N-nitrosopiperidine (N-Pip). They found DMN and 
N-Pyr in bacons, the concentrations ranging from 1 - 4 0  ppb, whilst 
only trace amounts of the other two nitrosamines were detected.
Sen et al. (1973) examined bacon (cooked and uncooked) by gas 
chromatography and mass spectrometry and found that half the samples 
contained either DMN or N-Pyr or both compounds, in concentrations 
ranging from 2 - 3 0  ppb. They suggested that the N-Pyr is formed 
during the frying process. Panaleks et al. (1973) examined various 
kinds of meat products for DMN by selective gas chromatography and found 
that 57 out of 197 samples contained amounts of DMN ranging from 
2 - 1 2  ppb. Wasserman et al. (1972) demonstrated the presence of 
DMN in frankfurters,, by gas chromatography and mass spectrometry, in 
concentrations ranging from 0 - 8 4  ppb. The presence of DMN and DEN 
has been demonstrated in salt-dried Cantonese fish (Fong and Walsh, 1971). 
Other foods examined, other than those treated with nitrite, have been 
those which have undergone a drying process such as gas firing.
These foods include dried milk and it is thought that the combustion
process may produce oxides of nitrogen and nitrite and thus lead to 
the formation of N-nitrosamines. However, Reineccius and Coulter
(1972) were not able to detect any volatile N-nitrosamines in dried 
milk.
1.4.2. Detection of Volatile N-nitrosamines.
Because of the concern about the possible widespread occurence of 
N-nitroso compounds in the environment, extremely selective and highly 
sensitive methods must be used for their detection. As mentioned 
previously, several reports of the presence of nitrosamines, were 
later found to be false when a more selective method was used and there 
are many problems associated with the isolation and analysis of these 
compounds, especially when very low concentrations are being investi­
gated.
Because of their volatility, many workers have used a distillation 
process as their first step in trying to isolate N-nitrosamines from 
biological materials. This technique was first used by Heath and 
Jarvis (1955) for separating DMN from animal tissue, using steam 
distillation of an alkaline homogenate.
Eisenbrand et al. (1970) studied the distillation rates of 16 
different nitrosamines and found no significant differences when 
distilling at atmospheric or under reduced pressure or from alkaline, 
neutral or acidic media. Most workers prefer to distil from an 
alkaline medium, to prevent formation of nitrosamines ’in situ’ from 
any nitrite or amines present, although Crosby et al. (1972) state that 
alkaline treatment causes severe decomposition of the foodstuff and 
produces many interfering compounds and suggest distillation at 
slightly acid or neutral pH. Telling et al. (1971) and Telling (1972) 
have used vacuum distillation at moderate temperatures (65°C) from a
slightly alkaline solution (4$ potassium carbonate) and this has given 
satisfactory recoveries for even the most volatile nitrosamines. 
Distillates have then been extracted with organic solvents, the most 
popular being dichloromethane (Crosby et al.,1972; Sen et al., 1972; 
Telling, 1972). Direct extraction of the food with this solvent has 
also been used (Marquardt and Hedler, 1966; Thewlis, 1967; Sen et al., 
1972). Acetonitrile : heptane mixtures have been used to reduce 
interference from lipids (Eisenbrandt et al., 1969).
Partial clean up procedures to reduce the amount of interfering 
compounds present, have been carried out by column or thin layer 
chromatography. The materials used include polyamide ion exchanger 
(Sen et al., 1969), acid-washed celite (Howard et al., 1970), neutral 
alumina (Telling, 1972), activated charcoal followed by desorption with 
boiling methanol (Walters et al., 1970). Crosby et al. (1971) 
stated that these clean up procedures are never completely successful 
and often significant amounts of nitrosamine are lost. Thin layer 
chromatography on silica gel plates, as a clean-up procedure was used 
by Marquardt and Hedler (1966), although other workers reported high 
losses of nitrosamines with the same method (e.g. Sen et al., 1969). 
Better recoveries were obtained when the t.l.c. was performed at 4°C, 
under light protection (Eisenbrand et al.. 1970a).
As mentioned earlier, methods used for the detection of nitro­
samines must be both specific and sensitive. Preussman et al. (1964) 
developed a thin layer chromatographic method, where the nitrosamines 
were detected by uv irradiation and then sprayed with colour reagents, 
either Griess reagent or diphenylamine - Pd (il) chloride. However, 
it has since been shown that the latter reagent reacts with fatty acids 
and tocopherols (Wolff, 1972). Sen et al. (1972) have used the Griess 
reagent and ninhydrin for the seraiquantitative determination of volatile
nitrosamines in alcoholic beverages. Colorimetric methods applied 
to nitrosamine detection have included the photolytic splitting of 
the N-NO,bond under uv irradiation and detection of the released nitrite 
(Daiber and Preussman, 1964). A more recent method is that of 
Eisenbrand and Preussman (1970), where the N-NO bond is cleaved, under 
anhydrous conditions by hydrogen bromide to give a quantitative release 
of nitrite. This method is specific for N-nitroso compounds (Johnson 
and Walters, 1971) and has proved highly superior to all other colori­
metric tests. The most recent methods for the determination of nitro­
samines in food extracts have used gas chromatography; with either 
the nitrosamine itself being detected or one of its derivatives. 
Stationary phases of medium to strong polarity have been used and a 
variety of detectors such as electron capture, alkali flame ionisation 
and electrolytic conductivity detectors, the last two being specific 
for nitrogen containing compounds.
Although gas chromatography is a very sensitive and often rapid 
technique for the separation and detection of N-nitrosamines, results 
obtained by this method ultimately must be confirmed by mass spectro­
metry in view of the erroneous results obtained by Devik (1967) 
mentioned earlier.
The development of nitrogen specific detectors has proved a 
valuable tool for nitrosamine analysis. The alkali flame ionisation 
detector, which gives increased selectivity for nitrogen containing 
compounds has /been used successfully by several workers. Howard 
et al. (1970), using a potassium chloride salt tip, obtained a sensi­
tivity of 10 ppb. for the detection of volatile nitrosamines, whilst 
Fiddler et al. (1971), using a rubidium sulphate salt tip obtained a 
sensitivity of 25 ppb. and a limit of detectability of 5 ng. The 
Coulson electrolytic conductivity detector has been used in two different 
ways to detect N-nitrosamines. Firstly, the nitrosamines can be
pyrolysed, which supposedly converts them to ammonia, which is then 
detected by a change in conductivity. This method was used by Rhoades 
and Johnson (1970) in the analysis of smoke condensates. The second 
use of this detector is in a reductive mode, where nitrogen containing 
compounds are reduced to ammonia by hydrogen, this method was used 
by Crosby et al. (1972a) in the analysis of nitrosamines in meat 
products. Rhoades and Johnson (1970) stated that the pyrolytic mode 
gave distinct nitrosamine peaks, whilst a great number of interfering 
peaks masked the nitrosamines in the reductive mode. Palframan et al. 
(1973) compared these specific nitrogen detectors for the analysis of 
nitrosamines in foodstuffs and found that the electrolytic conducti­
vity detector gave more reliable results with sensitivities at the 
nanogram level. All workers have emphasised that despite the better 
selectivity obtained by these detectors compared to the normal flame 
ionisation detectors, it is still essential that results obtained are 
confirmed by mass spectrometry.
It appears therefore that gas chromatography followed by mass
spectrometry is the most acceptable procedure for separating and
identifying N-nitrosamines. Telling et al. (1971) analysed meat
• } *
products for N-nitrosamines by monitoring the NO ion, they could not 
find any nitroso compounds present at a level of 25 ppb. A later 
method (Bryce and Telling, 1972) proved more successful when the 
g.l.c. effluent was analysed at a resolution of 10,000, for molecular 
ions or other characteristic ions for each nitrosamine; recoveries 
of a range of nitrosamines added to food were measured at 10, 2 and 
1 ppb. Crosby et al. (1972) reported the presence of N-nitrosamines 
in cured meat products, down to a level of 1 ppb., by combined gas 
chromatography-high resolution mass spectrometry. Gough and Webb
(1973) have recently developed a method for the detection of trace amounts 
of nitrosamines (down to lppb.) using combined gas chromatography — high
resolution mass spectrometry, using pressure programming for the gas 
chromatographic separation.
Methods for increasing the specificity and sensitivity of. the 
detection of N-nitrosamines by gas chromatography have been devised by 
forming derivatives of the N-nitroso compounds which are more sensitive 
to detection. For example, N-nitrosamines have been oxidised to the 
corresponding N-nitramines using pertrifluoroacetic acid (Sen et al., 
1970); these derivatives are extremely sensitive to detection by 
electron capture. This method has been further developed by Althorpe 
et al. (1970) and Telling (1972). The formation of these derivatives 
leaves the N-N bond intact and thus selectivity is retained. Other 
derivatives, susceptible to detection by electron capture, have been 
utilised for the analysis of N-nitrosamines. N-nitrosamines have been 
denitrosated and the resulting secondary amine has been derivatised to 
give an electron-capturing product. Eisenbrand (1972) obtained the 
amine by treatment of the N-nitrosamine with HBr and this was then 
reacted with heptafluorobutyryl chloride to form a HFB-amine derivative 
which was detected by electron capture. Since the amines could be 
removed by ion exchange chromatography, this method removed many inter­
fering compounds. These derivatives also have the advantage of being 
easily detected in a mass spectrometer. Alliston et al. (1972) 
obtained amines from the corresponding nitrosamine by controlled-poten- 
tial electrochemical reduction in alkali and then used the HFB-derivatives 
of Eisenbrand. Pailer and Klus (1971) converted N-nitrosamines into 
their corresponding amines with cuprous chloride in hydrochloric acid, 
and detected the amines as their trifluoracetyl derivatives by elec­
tron capture. Brooks et al. (1972) used heptafluorobutyric anhydride, 
with pyridine as a catalyst, to form fluoxinated anhydride derivatives 
which can be detected by electron capture.
N-nitrosamines can be reduced to the corresponding hydrazine.
Neurath et al. (1964) used lithium aluminium hydride as a reducing 
agent and reacted the hydrazines formed with 5-nitro-2-hydroxy-benz- 
aldehyde; these could be separated by t.l.c., but yields obtained from 
tobacco smoke condensate were low. Hoffmann and Yais (1972) modified 
this method; using diborane instead of LiAlH^ for the reduction step, 
they reacted the hydrazines with 3,5-dinitrobenzaldehyde and detected 
the resulting hydrazone by electron capture.
An entirely new technique has recently been reported by Fine et al.
(1974), that of thermo-luminescence. The N-nitroso compound is 
selectively cleaved over a tungsten oxide catalyst and the pyrolysis 
products are reacted with ozone; any nitric oxide reacts to form 
excited nitrogen dioxide. This excited molecule rapidly decays back 
to its ground state, emitting light in the near infrared, this emission 
is measured and is specific for N-nitroso compounds.
Apart from this latest method, mass spectrometry is still the 
method of choice for the ultimate detection of N-nitroso compounds.
1.5. Occurrence of the Precursors to N-nitroso Compounds in the 
Environment.
N-nitroso compounds are formed from the reaction of a nitrosatable 
amine or amide and nitrite,under favourable conditions. The occurrence 
of these precursors is now discussed and also the occurrence of 
nitrate, which is present in large amounts in'the environment and which 
can be reduced to nitrite under suitable conditions.
1.5.1. Nitrates
Nitrates are widely distributed in nature and being natural 
constituents of plants,they occur in vegetables in large amounts
e.g. beet (1,230 - 3,680 ppm), spinach (220-2,700 ppm), lettuce 
(800 - 1,540 ppm), cabbage (30 - 580 ppm) (Achtzehn and Hawat, 1969). 
Since nitrates are the main source of nitrogen required by plants for 
growth, nitrate accumulation may occur if photosynthesis or metabolism 
is interfered with. The main factors encouraging nitrate accumulation 
are excessive use of nitrate fertilisers, nutritional deficiencies in 
the plant, reduced light intensity during maturation and lack of water.
Nitrate is also present in certain water supplies, especially from 
wells. The nitrate can originate from many sources, including pre­
cipitation, soil and rock, fertilisers, nitrogen fixation by micro­
organisms and decomposition of plant and sewage waste (Wolff and 
Wasserman, 1972). A survey by the World Health Organisation (1949), 
recommended the safe level of nitrate in water for domestic use to be 
less than 40 ppm nitrate (or 10 ppm nitrate N). Many water supplies 
in the U.K. contain more than this level, particularly in East Anglia, 
where some samples showed a nitrate content of 440 ppm and over 
(Wood, 1956).
Nitrates are permitted as additives in cured meats and certain 
cheeses. For cheeses, 100 ppm of sodium or potassium nitrate is 
allowed in the final product, and 500 ppm for meat products.
Nitrate is known to occur in certain tobaccos and is also used 
as an additive to tobacco to reduce particulate matter, nicotine, 
phenol and benzo (a) pyrene in cigarette smoke (Johnson et al., 1973).
Manning et al. (1968) found 0 to 12 ppm bf nitrate in non fat 
dried milk, formed during the drying process.
1.5.2. Toxicity of Nitrate
Nitrates, per se, are not toxic, but under conditions in which 
they are reduced to nitrite, they then become toxic. A high intake
of nitrate constitutes a hazard only when these reducing conditions 
prevail; the fatal dose of nitrate is 7 to 35 g. whilst that of 
nitrite is 20 mg./Kg. (Govindarajan, 1972). Conditions which are 
favourable for the reduction of nitrate to nitrite are:
(a) In infants under four months old where the stomach is less 
acidic than normal and nitrate-reducing micro organisms can survive. 
Because of this fact, careful screening of baby foods for nitrate 
content has been undertaken, since cases of poisoning were reported 
following ingestion of spinach purees (Holscher and Natzschka, 1964).
(b) The microbial environment of the rumen in cattle causes 
conversion of nitrate to nitrite and the absorption of the nitrite 
ion will produce a toxic effect, especially when the feedstuff or 
drinking water is of a high nitrate content.
(c) Processed or unprocessed spinach, stored under conditions 
favourable for the growth of micro organisms, yields nitrite from 
reduced nitrate. A number of cases of toxicity in infants have 
been reported,when tins of baby food spinach were left opened at 
room temperature for some time.
(d) Conversion of nitrate to nitrite in damp forage materials 
containing a high nitrate content: this has proved toxic to live­
stock (Macllwain and Schipper, 1963).
1.5.3. Nitrites
The amounts of nitrite found in plants and vegetables are very 
small, compared to the amounts of nitrate. Kamm et al. (1965) found 
low levels of nitrite (0-6 ppm.) in beets, carrots and spinach. 
Phillips (1968) demonstrated that by storing fresh spinach under 
refrigeration, the initial content of nitrate (2,320 ppm.) decreased 
to 53 ppm. after 28 days, whereas the nitrite content increased from 
1.32 ppm. at day 0 to 1,450 ppm. on day 28. Large concentrations of
nitrite have been found in other stored vegetables, such as celery 
and lettuce, as a result of bacterial reduction of nitrate (Lijinsky 
and Epstein, 1970).
Small concentrations of nitrite were found in non fat dried milk, 
up to 3.0 ppm. and this was thought to be due to the drying process 
(Manning et al.,1968). Rammel and Joerin (1972) detected small levels 
of nitrite in cheese (0.003 to 0.021 p.g/g Nitrite- N ) but were unable 
to detect any in milk.
The most important and principal source of nitrite in our diets 
is from its use as a food additive to cure meat and fish products, and 
also certain cheeses. Meat was originally cured by brining, until 
the brine was found to be contaminated with potassium nitrate, which 
was more effective and therefore used instead. It was then discovered 
that the nitrate was being reduced by bacteria to nitrite, which produced 
even better results, as a more uniform and completely satisfactory 
product was obtained in a shorter time. The maximum limit permitted 
by law for the residual concentration of nitrite in the final cured 
product is 200 ppm., although concentrations of up to 2,000 ppm. can 
be used initially.
The purpose of using sodium nitrite in cured products is three­
fold. The characteristic pink colour of cured meats is formed, 
indirectly from sodium nitrite. This red-pink colour is due to nitro- 
sylmyoglobin, which is formed from the reaction of nitric oxide with 
myoglobin. The conversion of nitrite to nitric oxide is thought to 
be brought about by reducing agents present in the meat, such as 
ascorbic acid, cysteine and quinones. The nitric oxide so formed 
then reacts with metmyoglobin to form the complex nitrosyl metmyoglobin 
which is then reduced by ascorbic acid to nitrosyl myoglobin (Fox and 
Thomson, 1963).
Valters et al. (1968) postulated another mechanism for the pro­
duction of nitric oxide, whereby the nitrite was converted to nitric 
oxide by reduced cytochrome c and reduced nicotinamide adenine dinucleo­
tide.
Another function of the sodium nitrite in cured meats is that it 
produces the characteristic cured flavour in the product (Cho and 
Bratzler, 1970).
Finally, nitrite exerts an antibacterial effect on cured products. 
Clostridium botulinum is an anaerobic, heat resistant bacterium which 
produces a toxin, lethal in minute amounts; sodium nitrite inhibits 
the growth of this organism. Although the mode of action of nitrite 
is unknown in this respect, it has been shown that the division of 
vegetative cells does not occur in the presence of nitrite and that the 
growth of surviving organisms is inhibited by residual nitrite (Johnston 
et al. , 1970).
1.5.4. Nitrite Toxicity
The toxicity of nitrites is due to their interaction with 
haemoglobin to form methaemoglobin; the condition being known as 
methaemoglobinemia. Haemoglobin, which contains iron in the ferrous 
form, is a respiratory pigment carrying oxygen to the tissues as the 
complex oxyhaemoglobin. Vhen the iron is oxidised to the ferric state, 
a brown compound is formed,methaemoglobin, which is incapable of 
transporting oxygen. The process is reversible. Normally about ifo 
of the total haemoglobin is present in the met- form, because of reduc­
ing enzymes in the red cells. Nitrite is capable, however, of 
oxidising the haemoglobin to its met - form, the nitrite being strongly 
bound to the haeme. Vhen the amount of methaemoglobin in the blood 
exceeds 5$ of the total blood pigment, then vomiting and cyanosis occur 
and when the concentration exceeds 70$, death due to asphyxia occurs
(Phillips, 1968).
1.5.5. Amines
As indicated previously, many types of nitrogen containing 
compounds are capable of reacting with nitrite to form N-nitroso 
compounds. It is not possible here to examine the source and occur­
ence of every nitrosatable compound that can be found in the environment, 
besides, very few foods have been studied in any great detail for their 
amine content.
Generally, amines are plentiful in those foods produced by micro­
bial action e.g.:- cheeses, wines.
Many simple volatile amines have been identified in different 
types of cheeses (Schwartz (1944),Schwartz and Thomason (1950)). As 
an example :6f the variety of amines to be found in cheese, Ney and 
Virotama (1971) found methyl-, ethyl-, n- and iso propyl-, n- and 
isobutyl-, dimethyl-, diethyl-, dipropyl- and dibutyl- amines in 
Cheddar cheese and the same amines in camembert (Ney and Virotama 
(1971a)). Block (1951) studied the amino-acids and peptides of 
cheddar cheese and found decarboxylation products phenyl ethylamine, 
tyramine, histamine, cadaverine and putrescine.
Another food known to be rich in amines is fish. Trimethylamine 
is formed in all marine fish and all sea-foods by post-mortem bacterial 
action; dimethylamine is formed in much smaller amounts by the same 
mechanism (Shewan, 1951). These compounds are formed from the 
reduction of trimethylamine oxide (TMAO) by bacterial enzymes. TMAO 
is present in large quantities in the muscular tissues of marine fish 
and in small quantities in some fresh water fish. As bacterial 
spoilage of the fish increases, large amounts of non-volatile amines 
are produced such as tyramine, histamine,putrescine, cadaverine and 
indole (Dyer and Mounsey, 1945). Vick et al. (1967) found di and
tri methyl-, ethyl-, diethyl-, n-propyl- and butyl- amines in the 
fish protein concentrate. Gruger (1972) found methyl-, dimethyl-, 
trimethyl- and diethyl- amines in salmcn and sable fish. Several 
amines have been detected in caviar by Golovnya et al. (1967), including 
propyl-, butyl-, amyl-, dipropyl-, diethyl-, triethyl- and dibutyl- 
amines.
Vines and beers have been shown to contain a variety of amines. 
Methyl-, dimethyl-, ethyl- and butyl- amines have been found in beer, 
whilst N-ethylacetamide, isoamylamine, N-isoamylacetamide and dimethyl- 
amine are present in wines (Kahn, 1969). Slaughter (1970) identified 
pyrrolidine in beer.
De Rooj (i960) studied the volatile amines in a range of foods 
and found large amounts of di— and trimethylamine in fresh haddock, methyl 
and dimethylamine and traces of trimethylamine in eggs, methyl-, ethyl- 
and butyl- amines and dimethylamine in fresh milk. Dimethylamine was 
also found in pig heart, biscuits and cocoa powder.
Most of the results cited for the presence of volatile amines in 
foods were obtained using such techniques as paper and thin layer 
chromatography and may be suspect. There is very little information 
about the actual quantities present, which vary tremendously with the 
age, source and method of storage of the food.
As well as these volatile precursors of N-nitroso compounds, there 
are many non-volatile nitrosatable compounds present in foods. Nitro- 
satable amino acids, such as proline, as well as being normal 
constituents of protein are also found as free amino acids in various 
foods. Free arginine and proline are found in potatoes and the amounts 
increase on storage (Sweeney, 1969). Free amino acids in fresh pork 
include arginine (4.8 mg./lOOg.), proline (6.4 mg./lOOg.) and trypto­
phane (25 mg./lOOg.), the amounts increasing on storage (Bowers, 1969).
Other nitrogenous compounds, capable of being nitrosated 
include theanine (N-ethyl glutamine) which represents 2 - 5$ of 
soluble tea solids (Millin et al., 1969), creatine which is present 
in meat (lr-2(jimoles /g.) and creatinine which is found in meat and in 
milk (40 mg./litre) (Archer et al., 1971).
The alkaloids gramine and hordenine are found in barley.
Serotonin is present in bananas (up to 50 ppm), tomatoes (12 ppm), 
plums (10 ppm) and advocados (10 ppm) (Harbourne, 1964). Many 
other alkaloids possess nitrosatable amino goups and are to be found 
in plants. Synephrine was found in high levels in fruit juices 
(Stewart et al., 1964). Betaine is found in sugar beet and plant 
juices. Various purines and pyrimidines are present in foods, meat 
contains a whole range of these compounds in small amounts. Orotic 
acid and uric acid are present in milk.
The cooking of foods may produce secondary amines from certain 
diamines (Lijinsky and Epstein, 1970). Cadaverine and putrescine, 
found in partially decayed meat and fish, are converted by the action 
of heat, to piperidine and pyrrolidine respectively. Although Courts . 
(1970) suggests that this would constitute a very minor source of 
secondary amines.
Another extremely important source of secondary and tertiary 
amines was recognised recently by Lijinsky and coworkers, who realised 
that many drugs contain secondary and tertiary amino groups and that 
these compounds are ingested in relatively high quantities on a regular 
basis for long periods of time. In fact, oxytetracycline (an anti­
biotic) and several other drugs were shown to produce volatile 
nitrosamines on reaction with nitrite (Lijinsky et al., 1972).
Mohler and Hallermayer (1973) demonstrated that volatile nitro­
samines can be formed from the action of nitrite on phospholipids.
These compounds, such as phosphatidyl-- serine,-choline,-ethanolamine are 
widely distributed in nature. For example, phosphatidyl choline is 
a major constituent of egg yolk, representing about 50$ (wt./wt.) of 
the yolk.
Therefore there are innumerable different nitrogenous compounds 
present in the environment that are potential precursors to N-nitroso 
compounds, although many are present only in very small quantities.
1.6. Synthesis of N-nitroso Compounds 'in vivo1 and 'in vitro*.
As mentioned previously, N-nitroso compounds are formed from the 
reaction of nitrite with secondary, tertiary amines and quaternary 
ammonium salts and it is known that these precursors are to be found, 
in plenty, in the environment. For the nitrosation reaction to take 
place, an acidic environment with an optimum pH of around 2.5 - 3.5 
is required; these conditions are to be found in the human stomach.
The possibility exists, therefore, that N-nitrosation could occur in 
the human stomach, from potential precursors present in our food supply. 
Druckre.y et al. (1963) fed diethylamine and sodium nitrite to rats in 
either their feed or their drinking water for their entire life span 
over three generations. Low yields of DEN were produced but no car­
cinogenic or teratogenic effects were observed. This was attributed 
to the highly basic amine that was used and also to the high pH of the 
rat stomach. A study of the nitrosation of amines of varying basicities 
'in vitro' in human gastric juice was undertaken by Sander et al. (1968). 
The nitrosation of diphenylamine, a weakly basic amine, was extremely 
rapid, whereas the strongly basic amines were nitrosated less readily.
It was concluded that the ease of formation of a nitrosamine depended 
greatly upon the basicity of the parent amine.
'In vivo' experiments showed that the synthesis of nitrosamines
could be demonstrated only when weakly basic amines such as diphenylamine, 
N-methylaniline and N-methylbenzylamine were fed to rats. DEN could 
not be detected in the stomachs of the rats, even when large amounts 
of the amine and nitrite (0.3$ of each in the diet) were used. This 
was attributed to the high basicity of the amine and the fact that other 
compounds present would react preferentially with the nitrite. Sen 
et al. (1969) were able to demonstrate the formation of DEN 'in vitro', 
when diethylamine and sodium nitrite were incubated with the gastric juices 
from rats, rabbits, cats, dogs and man. Human and rabbit juices (pH 
1 - 2 )  produced more nitrosamine than did rats gastric juice (pH 4 - 5 ) .  
They also demonstrated the nitrosation of diethylamine 'in vivo' in 
the cat and rabbit, although the yields of DEN were low. In 1969,
Sander and Burkle fed rats on diets of nitrite and either morpnoline 
or N-methylbenzylamine. This treatment induced liver tumours in those 
rats receiving morpholine and nitrite, whilst the rats fed on N- 
methylbenzylamine and nitrite developed tumours in the oesophagus; this 
showed that tumour production was due to the production of N-nitros- 
samines 'in vivo'. Alam et al. (1971) reported the synthesis of 
N-Pip 'in vitro' in rats, from nitrite (10 - 25 mg.) and piperidine,
(125 - 1250 mg.), in gastric contents,and in the stomach and small 
intestine 'in vivo'. Greenblatt et al. (1971) treated Swiss mice 
with sodium nitrite in the drinking water and secondary amines in the 
feed and a highly significant increase in lung cancer resulted^which 
was attributed to the 'in vivo' formation of the corresponding N- 
nitrosamines. Mice fed these corresponding N-nitrosamines also 
developed lung adenomas. However, the feeding of dimethylamine and 
nitrite did not produce such results and this was assumed to be due 
to the highly basic nature of the amine. Greenblatt (1972) produced 
lung adenomas in mice which had been fed piperazine (widely used as
a vermicide) and nitrite and suggested these were caused by the forma­
tion of mono-nitrosopiperazine in the stomach. As little as 250ppm 
of sodium nitrite was shown to produce a tumourigenic response when 
piperazine, in excess, was present in the diet.
Epstein (1972) demonstrated acute toxic effects (weight loss, 
mortality, liver necrosis) in mice after the combined oral administra­
tion of sodium nitrite (at doses of 100 and 150 mg./kg.) and either 
dimethylamine (500 - 2500 mg./kg.) or methyl benzylamine (800 - 1600 
mg./kg.). This treatment also resulted in the inhibition of liver 
protein and nuclear RNA synthesis.
The 'in vivo' synthesis of N-nitrososarcosine has been reported 
by Friedman and McClanahan (1973) after mice had been injected with 
sarcosine and nitrite through the stomach wall.
Sander et al. (1973) demonstrated the production of 1,4-dinitroso- 
piperazine 'in vivo' in dogs, by detecting it in their urine after 
treatment with nitrite and piperazine. However, rats fed for their 
lifetime on amino acids containing nitrosatable secondary amino groups 
i.e. pro1ine ,hydroxyproline and arginine (250 ppm) and nitrite (500 ppm) 
failed to produce any tumours (Greenblatt and Lijinsky, 1972, Greenblatt 
et al., 1973). This null effect was attributed to the non-carcino­
genicity of the nitrosoamino acids formed in the stomach and also to 
the lack of decarboxylation of N-nitrosoproline and N-nitrosohydroxy- 
proline to the carcinogenic N-nitrosopyrrolidine and its hydroxy- 
derivative.
Feeding studies with amides and nitrite have been carried out.
Sander (1970) produced tumours in rats after the administration of 
nitrite and N,N'-dimethylurea. Sander and Burkle (1971) induced 
malignant tumours in rats after feeding them nitrite and ethyleneurea. 
Ivankovic and Preussman (1970) obtained neurogenic tumours in the
offspring of female rats fed on ethyl urea and nitrite during pregnancy 
Mice fed on nitrite (l g./l.) and either methyl or ethylurea (5-7 g./kg 
food) were shown to develop tumours, similar to those previously in­
duced by N-nitrosoureas (Mirvish et al., 1972a). It was assumed 
that tumour production was due to the formation of N-nitrosoureas 
and this has since been proved (Mirvish and Chu, 1973).
Alkylurethans and other alkylamides have been shown not to 
induce tumour production, when administered concurrently with nitrite.
A diet containing 5000 ppm citrullin with drinking water containing 
5000 ppm sodium nitrite for six months failed to induce tumours in 
rats after two years observation (Sander, 1973).
The 'in vivo' reactions of tertiary amines with nitrite have 
not been studied to the same extent as the reaction of secondary 
amines and amides with nitrite. Schweinsberg and Sander (1972) 
showed that rats fed on a diet containing 0.5$ triethylamine and 
0.5$ sodium nitrite did not develop any toxic effects; and after one 
year, no tumours were observed. This was ascribed to earlier find­
ings, that the rate of nitrosation for a tertiary amine depends on 
the cube of the nitrite concentration, after dealkylation of the 
tertiary amine and the yield of the N-nitrosamine is correspondingly 
lower (Mirvish, 1971). Lijinsky et al. (1972a) however described 
the rapid formation of N-nitrosamines from a variety of tertiary amines 
such as N-methy1-pyrrolidine, -piperidine and -morpholine, trimethyl­
amine oxide and hydrochloride. Lijinsky et al. (1972) demonstrated 
the production of N-nitrosamines from various secondary and tertiary 
amines, used in large quantities as drugs. It has since been shown 
that certain of these drugs can react 'in vivo' with nitrite to pro­
duce N-nitrosamines. Greenblatt et al. (1972) reported the rapid 
'in vivo' conversion of phenmetrazine, (3-methyl-2-phenyl-morpholine ),
an appetite depressant, to its N-nitroso derivative, in rabbits and 
rats. Lijinsky and Greenblatt (1972) produced DMN 'in vivo’ in rats 
from aminopyrine (4-dimethylaminoantipyrin, an analgesic) and nitrite. 
The rats all showed severe liver necrosis, typical of that observed 
after administration of DMN. Lijinsky et al. (1973) fed aminopyrine 
or heptamethyleneimine (250 ppm) together with sodium nitrite (250 ppm) 
to rats, which developed malignant tumours of the liver.
The catalysis and inhibition of the formation of N-nitroso com­
pounds 'in vivo' have been studied recently. Schweinsberg (1973) 
studied the kinetics of nitrosamine formation in the rat stomach and 
suggested that the nitrosation occurs normally as a catalysed reaction, 
probably due to the presence of thiocyanate; he also noted a shift in 
optimum pH for the nitrosation of diethylamine from 3.4 to 2.5- indicat­
ing a catalyst was participating in the reaction. He suggested that 
the addition of 'extra' catalyst would not significantly change the 
reactions 'in vivo', as thiocyanate seems to be present in almost all 
human gastric juice. These chemical studies are in accordance with the 
feeding experiments of Sander(1973),who found that feeding rats a diet 
of amine, nitrite and thiocyanate did not produce an increase in 
toxicity compared with amine and nitrite alone.
The inhibition of nitrosation reactions by ascorbic acid has been 
studied 'in vivo' and 'in vitro'. The formation of N-nitroso deriva­
tives from dimethylamine, morpholine, piperazine, N-methyl aniline and 
amiuopyrine was inhibited by the presence of-ascorbic acid (Kamm et al., 
1973; Greenblatt, 1973). Complete inhibition was produced only when 
high doses of ascorbic acid (twice the molar concentration of the sodium 
nitrite) were used; incomplete inhibition was produced using molar 
equivalents of nitrite and ascorbic acid. Mirvish et al. (1973) pro­
duced lung adenomas in rats that were fed piperazine and nitrite, but 
when ascorbic acid was also added to the system, no tumours were
detected. The development of hydrocephali in the offspring of rats, 
which can be induced by the administration of ethylurea (100 mg./kg.) 
to the pregnant mothers, was completely prevented by the simultaneous 
application of a high dose of ascorbic acid (250 mg./kg.) (ivankovic 
et al., 1973).
Sander (1973) has suggested that the nitrosation of amines in the 
vertebrate stomach does not obey a simple kinetic equation because of 
the presence of both catalysts, such as the thiocyanate ion, and inhi­
bitors, such as ascorbic acid. He proposes the nitrosamine formation 
from a given amount of an amine present in a stomach can be described 
by a curve, Fig. 1.2. Section A represents the nitrosamine formation at 
low nitrite levels, this is very low because a significant part of the 
nitrite is removed by competing reactants, such as ascorbic acid. As
the amount of nitrite increases, the removal of nitrite by other 
sources becomes less important and the nitrite becomes available for 
nitrosamine production. The steepness of the curve over section B 
depends on the presence of various catalysing species. The curve 
eventually levels off and reaches a maximum when the nitrite concen­
tration starts to exceed the amine concentration present.
N-nitrosamines can be formed 'in vivo' by bacterial action. Sander 
(1968) demonstrated that strains of enterobacteria (e.g. E. Coli, 
Proteus vulgaris) which are nitrate-reducing bacteria, were able to 
synthesise nitrosamines under suitable conditions from secondary amines 
and nitrate. Di-n-propylamine, N-methylaniline and diphenylamine were 
nitrosated in the presence of sodium nitrate at pH values which would 
not permit the spontaneous reaction of the amine with alkali nitrites 
(i.e. pH 7.2 and 5.8). Aromatic amines were nitrosated far more 
readily than the dialkylamines. These results were confirmed by 
Hawksworth and Hill (1971), who isolated a number of strains of E. Coli 
from the human intestinal tract and from these they were able to
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Fig. 1.2. NITROSAMINE FORMATION IN THE VERTEBRATE STOMACH FROM
A GIVEN AMOUNT OF AMINE AND INCREASING AMOUNTS OF NITRITE
(AFTER SANDER, 1973).
nitrosate the secondary amines dimethylamine, pyrrolidine and piperi­
dine at neutral pH with sodium nitrate. The amount of each N-nitro- 
samine formed depended on the basicity of the parent amine and the 
yields varied from 68$ for N-nitrosodiphenylamine to 0.01$ for DMN.
Other bacteria, which were not nitrate-reducing, such as lactobacilli, 
group D streptococci, clostridia and bifidobacteria were capable of 
nitrosating secondary amines and nitrite at neutral pH values. They 
mentioned two sites in the human body where bacteria might produce 
nitrosamines, (a) in the gut from ingested nitrate and amines (b) in 
the urine of people with urinary infections, although nitrosation in 
the urine would be likely to occur only in areas where the drinking water 
has a high nitrate content.
Alanf et al. (1971a) described the synthesis of N-Pip in the gastro­
intestinal tract of the rat, from sodium nitrate and piperidine, 'in 
vivo' and 'in vitro', although the yields of the nitrosamine were 
lower than in similar experiments where the amine and nitrite were 
used (Alam et al., 1971). Klubes et al. (1972) investigated the
factors affecting the formation of DMN when rat intestinal contents
14were incubated anaerobically with sodium nitrite and C-labelled
dimethylamine. They found that when these two precursors were
14incubated with the rat intestinal flora at pH 7, C-DMN was formed.
Using a boiled bacterial preparation, nitrosamine formation was suppres­
sed but not completely inhibited, indicating that a residual non—
14enzymic formation of C-DMN had occurred, even at pH 7. They 
found that the enzymic formation of the nitrosamine was enhanced by 
the addition of riboflavin to the incubation medium. Collins - 
Thompson et al. (1972) demonstrated the formation, in culture, of 
DMN and DEN from sodium nitrite and the respective secondary amines, 
by streptococcus species which had been isolated from meat products.
Other organisms, such as E. Coli and pseudomanas species, did not
produce nitrosamines under similar conditions. None of the bacteria 
isolated were able to produce nitrosamines from the amines and 
500 ppm sodium nitrate. The production of the nitrosamines was 
shown to be non-enzymic, as autoclaved cultures, when incubated with 
the amine and nitrite, produced as much nitrosamine as non-autoclaved 
cultures. Fong and Chan(l973) have recently reported the bacterial 
production of DMN in salted fish.
Finally, Sander and Seif (1969) fed patients with 300 mg. of 
sodium nitrate and 10 mg. of diphenylamine and were able to detect 
N-nitrosodiphenylamine in the stomach contents in about one-third of the 
patients. This demonstrated that it is possible to get conversion 
of nitrate to nitrite in the human stomach and also that nitrosation 
will occur in the human stomach. Also, Brooks et al. (1972a) 
showed that nitrosation in the urine can occur in humans, since DMN 
was detected in the urine of patients suffering from bacteriuria. 
Harington et al. (1973) have identified DMN in the vaginal vault of 
African women, presumably by the ’in vivo' synthesis from amines and 
either nitrate or nitrite present.
1.7. Conclusions and the Present Work
It is evident from the literature reviewed here that much work 
has been carried out on the possible synthesis of N-nitroso compounds 
*in vivo' and 'in vitro' from their precursors. It has been 
demonstrated that feeding laboratory animals amines or amides and
either nitrite or nitrate can result in the production of the corres­
ponding N-nitroso derivative and also in the production of tumours.
However, most of this work has given positive results when 
large amounts of both precursors were used. It has been estimated 
that the probable maximum concentration of nitrite in the stomach is
100 ppm (Sander, 1967). Most experiments described have used con­
centrations of nitrite far in excess of this value and as the rate 
of nitrosation of secondary and tertiary amines depends on the square 
and cube of the nitrite concentration respectively, then it follows 
that the nitrite concentration is very critical. Large amounts of 
amine have also been used in these experiments, although it seems 
that in any one food there can be many amines present, but in very 
small amounts. No account has been taken of the competing reactants 
for the nitrite when it is present only in small concentrations, e.g. 
its irreversible reaction with terminal amino groups of proteins.
In this study therefore, the nitrosation of whole foods with 
low concentrations of nitrite is investigated. This gives a more 
realistic situation, the amines being provided by the food itself with 
no excessive amounts of any one amine being added. In this way, 
competitive reactants, present in the food along with any nitrosatable 
amines, can also be taken into consideration when measuring the 
overall amount of nitrosation that has occurred. The ability of 
any one food to produce N-nitroso compounds by its reaction with 
nitrite is also investigated by using large excesses of the nitrite.
This enables a comparison to be made of the nitrosation of a food 
under ideal conditions against the probable reaction of nitrite and 
food in the stomach.
’In vivo1 reactions with nitrite from environmental sources and 
food amines are also studied. The catalysis of nitrosations is further 
investigated. Very few anions have been studied in the past, whereas 
there are a number of other anions present in biological systems 
that have not been tested for their catalytic activity.
Finally, the nitrosation of a range of compounds present in 
foods is investigated, including the nitrosation of the amide 
linkage in peptides.
CHAPTER 2
THE NITROSATION OF FOODS ’IN VITRO’
2.1. Introduction
Sodium nitrite can react with many organic compounds to form a 
variety of products. Attempting to assess how much N-nitrosation 
will occur, when sodium nitrite is in contact with a food, is a 
difficult problem.
As mentioned earlier (Chapter 1.1.), it has only recently been 
discovered that tertiary amines and quaternary ammonium salts can 
react with sodium nitrite to form volatile N-nitrosamines (Fiddler 
et al., 1972). For example, choline choride, carnitine chloride and 
betaines, all of which are present in plant or animal tissue, reacted 
to form DMN. It was also mentioned that the information on the 
concentrations of individual amines in foods is very sparse. The 
only foods examined in any great detail have been cheeses and fish 
(see Chapter 1.5). Various workers have studied only the simple 
volatile alkylamines, by thin layer or paper chromatography, to give 
essentially qualitative results. Results tended to vary according to 
the source, age and method of storage of the food. More recent 
methods, using acid extractions of the food, followed by derivitiza- 
tion to form compounds volatile enough for gas chromatographic 
analysis, detect only primary and secondary amines. Reagents used 
for this purpose e.g. trifluoroacetic anhydride, form derivatives 
with hydroxy groups, as well as with amino groups, to give a complex 
mixture of products.
Many nitrogenous compounds present in foods, other than simple 
alkylamines, are capable of being nitrosated, e.g. lecithin (Mdhler 
and Hallermeyer, 1973), substituted hexosamines (Guttner et al.. 1971), 
naturally occurring alkylureas and guanidines (Mirvish, 1971) and 
various amino acids (Lijinsky et_ad.,. 1970). Therefore, there seems 
to be a great variety of compounds, some of which are quite obscure,
present in foods and which can react with nitrite to form N-nitroso 
compounds. To isolate and identify every possible component and then 
see if it could be nitrosated, would not be feasible.
The fact that sodium nitrite can react with compounds to form 
products other than N-nitroso compounds must also be taken into account, 
especially when limited amounts of nitrite are available. Nitrite 
reacts with primary aliphatic amino groups to produce nitrogen (Van 
Slyke reaction); the reaction is irreversible. Thus, in a protein- 
rich food, the nitrite will react irreversibly with primary amino 
groups of the protein, to liberate nitrogen. It may also be possible 
that any N^nitrosamines formed may later disappear, since the reaction 
of secondary amines with nitrite is reversible.
Park and Williams (1972) demonstrated that nitrous acid can add 
across the double bond of various olefins, to yield different products 
depending on the conditions.
viz :-
Low NO,.
High NO
^C(N0)C ~  OH
C—  C\  + HN°2 0ow  - (NO)C —  0N0
^C(N0)-C —  X 
S  N.
where X = halogen
Ascorbic acid has been shown to inhibit the formation of N- 
nitroso compounds (Mirvish et al., 1972), as it reacts with nitrous 
acid to yield dehydroascorbic acid and nitric oxide. Compounds con­
taining phenolic groups react readily with nitrite. Challis (1973) 
stated that the nitrosation of phenolic compounds, which produces 
C-nitroso derivatives is far more rapid than the N-nitrosation of 
secondary amines. Compounds with phenolic groups are to be found in
many foods (especially those of vegetable origin) e.g. tannins in 
tea, chlorogenic acid in coffee and also tyrosine in protein. Nitrite 
reacts with sulphydryl groups to form S-nitrosothiols e.g. with 
cysteine in proteins (Mirna and Hofmann, 1969). Nitrosylmyoglobin is 
formed when nitric oxide, produced from nitrite,reacts with myoglobin.
This is the complex that produces the characteristic red colour when 
meat is cured with sodium nitrite (Haldane, 1901).
Therefore, considering any one food, there are theoretically 
many compounds present that can react with sodium nitrite and some 
will produce N-nitroso compounds. There will obviously be great 
competition between all these compounds for reaction with the nitrite, 
more so when only small quantities of nitrite are available.
It seemed that the best way to assess the overall amount of 
N-nitrosation that could occur, would be to treat whole foods with a 
large amount of nitrite at an optimum pH for N-nitrosation and then 
study the products formed. This would give an idea of the maximum 
amount of N-nitroso compounds that could be formed from any food, under 
optimal conditions, whilst taking into account the other competing 
reactions.
2.2. Nitrosation of Whole Foods
2,2.1. Method of Nitrosation
lOOg. of the foodstuff was homogenised in a Silverson homogeniser, 
with a minimum quantity of water, for 5 - 1 0  minutes, until a uniform 
consistency was obtained. In the. case of foods such as eggs and pork,these 
were examined both in raw and cooked states. The pork was cooked, 
by sealing in tin foil and heating in an oven at 100°C for 1 hour.
Eggs were beaten together and cooked in an electric frying pan at 
177°C, until they were set.
The homogenised food was made up to 500 ml. with distilled water, 
sodium nitrite (5g.) was added, followed by dropwise addition of 
concentrated hydrochloric acid to bring the mixture to pH 3. The 
whole reaction mixture was transferred to a two necked, 1 litre round- 
bottomed flask and stirred, under reflux, for 3 hours on a water bath 
maintained at 37°C. The reaction product was centrifuged at 12,500 x g 
(at 10°C for 20 minutes). The supernatant was decanted off and the 
solid was washed with distilled water and recentrifuged. The washing 
procedure was repeated and the supernatant and washings were bulked 
together.
2.2.2. Distillation of Volatile Nitrosamines
An aliquot (200 ml.) of the supernatant was made just alkaline 
with 4$ potassium carbonate. It was thought better to distil the 
products from a slightly alkaline solution, as this prevented any 
further reaction of the nitrite in acidic conditions and thereby 
stopped the formation of nitrosamines during the distillation.
Sodium chloride (10$) was also added to the solution, which was then 
transferred to a 500 ml., two necked, round-bottomed flask, containing 
a few drops of silicone antifoam solution and antibumping granules.
The mixture was distilled under vacuum until about 150 ml. of distillate 
had been collected in an ice-cooled receiver.
2.2.3. Extraction of Volatile Nitrosamines
Sodium chloride (10$) was added to the distillate, which was then 
extracted with an equal volume of dichloromethane; this procedure was 
repeated twice more. The organic layers were filtered through Whatman 
IPS filter paper, which retained any water present.
Anhydrous sodium sulphate was added to dry thoroughly the di­
chloromethane extracts; these were then concentrated down to 5 ml. 
in a Kuderna Danish evaporator on a water bath maintained at 50°c.
1 ml. of this extract was used for a determination of the total
volatile nitrosamine present; the remainder was carefully evaporated 
down under a stream of nitrogen gas, until all the dichloromethane was 
removed. Hexane (spectroscopic grade) was added to give a known
volume (0.25 ---^ 0.5 ml.). Microlitre quantities (1-10 (il) of
this hexane solution were then examined by gas chromatography, using 
a specific nitrogen detector. The identification of the nitrosamines 
will be dealt with in Chapter 3.
2.2.4. Extraction of Non Volatile N-nitrosamines
To an aliquot (200 ml.) of the supernatant obtained in section
2.2.1., 10$ sodium chloride was added. The resulting solution was
then extracted three times with dichloromethane as before and the same 
procedure used for the extraction and concentration of the volatile 
nitrosamines, was carried out.
This procedure extracted the volatile nitrosamines and the lower 
molecular weight non-volatile nitrosamines, which are soluble in 
dichloromethane, such as the N-nitroso amino acids; the amount of 
non-volatile nitrosamines could then be obtained by difference.
2.2.5. Water Soluble N-nitroso Compounds
The aqueous fraction from the extraction described in section
2.2.4. was freeze dried. This contained compounds which were neither 
volatile, nor soluble in dichloromethane.
2.2.6. Estimation of Totai N-nitrosation
Earlier methods used for the quantitative determination of N- 
nitroso compounds have included polarography, u.v. spectrophotometry 
and colorimetry. Usually these methods could only be applied to pure 
substances, as they were easily disturbed by interfering compounds.
Also, chromatographic techniques, using gas or thin layer chromatography
could easily give false positive results, if they were not preceded by 
additional selective procedures.
The recent method of Eisenbrand and Preussmann (1970) was favoured 
for the detection of the N-nitroso compounds. This is a rapid, 
sensitive colorimetric method and is based on the cleavage of the N- 
nitroso group by hydrogen bromide, in the presence of glacial acetic 
acid. Basically, it is a modification of the Fischer-Hepp rearrange­
ment for aromatic nitrosamines.
viz:
R„
R2 /
glacial
acetic
acid
N - N = 0 + HBr
R. H
N Br ©
0 = N - Br
jr
NO ^  + Br 3
vTL#The NO thus released is then captured by diazotisation of 
sulphanilamide and the resulting diazonium ion is coupled with N- 
naphthyl-(l)ethylene diamine to produce an azo dye, which can then 
be quantitatively measured at 540 nm.
Of a series of seventeen N-rcLtrcsamines tested by this method, 
an average recovery of 99.5$ was obtained. For the test to work, it 
is essential to have a completely anhydrous ? system. A water content
of 10# in the test solution reduces the recovery of NO®to less than 
50#, whilst a water content of 20# gives practically no detectable
The method seems to be specific for N-nitrosamines and N- 
nitrosamides. Johnson and Walters (1971) tested various related 
compounds such as N-nitramines, N-nitramides, C-nitro and C-nitroso 
compounds, oximes and alkyl nitrates. All were found to give a 
negative response to the test.
2.2.7. Sensitivity of Detection
As the release of N(j^ from the nitroso compound is virtually 
quantitative, the sensitivity of detection ultimately depends on the 
colorimetric detection of the azo dye.
An absorbance of 0.02 can be read with sufficient accuracy on 
the scale expansion recorder of the Pye Unicam SP 800 spectrophoto­
meter. From a standard calibration curve, the conversion factor for 
NaNO^ is 1.33.
... O.D. x 1.33 = ppm NaNO^
0.02 x 1.33 = 0.026 ppm NaNO^
= 0.026 p,g/ml . NaNO^
Volume in cuvette = 3 ml 
. . Require 0.08 ^ g in cuvette
= 0.08 jimoles NaNO^
69
= 0.001 p,moles NaNO^
2.2.8. Application of Test to Extracts
(i) Dichloromethane Extracts
Glacial acetic acid (l ml.) was first added to the dichloro­
methane extract, followed by an equal volume of 3# HBr in glacial 
acetic acid. This was allowed to react afc room temperature for 
fifteen minutes. After this time, 1 ml. of sulphanilamide (5# in 
25# HCl) was added, followed by 1 ml. of aqueous N-naphthyl-(l)ethylene 
diamine (0.1# w/v). This was left for 10 minutes in the dark and 
the extinction was read at 540 nm. A blank reading, .consisting of 
the extract, minus the HBr, was also measured, to eliminate the 
possibility of residual nitrite being mistaken for an N-nitroso com­
pound.
(ii) Water Soluble Nitrosamines
The freeze dried solid (O.lg.) was suspended in glacial acetic 
acid (5 ml.) and this was left at room temperature for one hour, 
with occasional stirring. The solid was filtered off and the 
filtrate was divided into two equal parts To one half, an equal
volume of 3# HBr in glacial acetic acid was added, the other half
■served as a blank. The NO' released was then determined as before.
2.2.9. Calculation of Results
The amount of N-nitrosation that has occurred can be calculated 
by assuming that one molecule of the N-nitroso compound will yield 
one molecule of nitrite. This is satisfactory for the lower molecular 
weight compounds of the volatile and non-volatile, dichloromethane 
extractable type, as it is likely that there will only be one nitroso 
group per molecule. However, when dealing with the water soluble 
fractions, these would seem to contain higher molecular weight com­
pounds which could have several nitroso groups per molecule.
2.2.10. Results
Table 2.1. below shows the range of N-nitrosation that occurred 
when different foodstuffs were treated with a high level of sodium 
nitrite under identical conditions. The results are expressed in 
two ways.
(1) as pmoles of N-nitroso compounds per kg. of food, except 
for pasteurised milk, which is expressed as moles per litre of 
milk.
(2) as p.g of NO per g. of food (i.e. ppm w/w)j this gives a 
better representation of the nitrosation which occurred in the higher 
molecular weight compounds i.e. where one molecule may contain more 
than one nitroso group.
Table 2.1. THE EXTENT OF NITROSATION OF DIFFERENT FOODSTUFFS 'IN VITRO'
FOOD
VOLATILE FRACTION NON-VOLATILE CH2C12 
EXTRACTABLE FRACTION
WATER SOLUBLE 
FRACTION
/ * p. mole s/kg us N°/g , pinole s/kg pg NO/g
/ * j,moles/kg Pg/NO/g
LEAN PORK(8) 
(uncooked) 0 — ^ 5.5 0 — y 0.1 63 -> 310 1.9 9.3 110 300 3.3 9.0
LEAN P0RK(3) 
(cooked) 1.4-» 12 0.04-* 0.4 67^  106 20 -$■ 3.2 105-} 254 3.2-} 7.6
EGG (3) 
(uncooked) 10 21 0.3 -*• 0.6 190—£ 340 5.7~* 10.2 370-} 520 11.1-} 15.6
EGG (3) 
(cooked) 0-£ 0.65 0-* 0.02
otoCM 0 • 6-^ 1.2 180—} 260 5•4-} 7.8
MILK (3) 
pasteurised 0.06— 4.0 0.02—? 0.12 9.6 — .28 0.3-} 0.8 52-> 155 1.6-} 4.7
MILK (2) 
(powdered) 1.7-* 6 0.05-r* 0.18 20-$* 90 0.6-} 2.7 64—> 131 1.9-} 3.9
BREAD (3) 0 0 27t4  72 0.8-} 2.2 282—} 535 8.4-} 16.1
TEA (2)
0.3 0.01 0 • 2“^ - 20A 0.006
0.012
+ +
CHEESE (3) 25-^ 45 0.75-* 1.35 115-} 170 3.5-> 5.0 45-2 98 1.4-7 2-9
* p, mol/litre in the case of milk
+ no results obtained due to interference in tests 
Figures in parenthesis indicate the number of determinations
2.3. Nitrosation of Phospholipids from Foods
2.3.1. Introduction
As mentioned earlier in this chapter, Mohler and Hallermayer (1973) 
have recently reported the formation of volatile nitrosamines from 
phosphatidyl choline (lecithin). Because phospholipids are a major 
component of most foods, it vas decided to investigate this further 
to see if the figures obtained in section 2.2. for the amounts of 
volatile nitrosamines could he related to the amount of phospholipid 
present in foods.
Mohler and Hallermayer showed that most nitrosamine was produced 
at pH 3.5. Table 2.2. shows their results.
Table 2.2. VOLATILE NITROSAMINES PRODUCED FROM THE NITROSATION OF 
LECITHIN AT pH 3.5 (MOHLER AND HALLERMAYER 1973)
Nitrosamine amount produced in mg/kg lecithin
Dimethyl - 2 --- 4
Diethyl - 0.3 ---> 1
Dipropyl - 0.3 — > 1
Total 2.6 ---» 6
Taking eggs as an example, 1 g of egg contains ~0.3 g. lecithin. From 
the above results, this would theoretically give 0.6 0.12 j_ig of
N-nitrosodimethylamine per g. of egg. Expressing this in terms of 
jig NO / g. egg, for N-nitrosodimethylamine this would give 0.24 — ^ 0.48, 
which is of the same order as nitrosated whole egg in Table 2.1.
2.3.2. Extraction of Phospholipid
A modification of the method recommended hy Ansell and Hawthorne 
(1964) was used to extract the phospholipids from eggs, milk and pork.
100 g.of the food was freeze dried. The resulting freeze dried 
product was ground to a fine powder in a pestle and mortar. This was 
then extracted with acetone (200 ml) on a magnetic stirrer for 3 hours. 
The extract was filtered under suction from a water pump and the acetone 
extract was discarded. The residue was re-extracted with acetone (200 m! 
in the same way, the extract being discarded. The residue was then 
extracted twice with 300 ml aliquots of chloroform/methanol (2:l).
These extracts were combined and the solvent was removed on a rotary 
evaporator.
2.3.3. Examination of Extracts by t.l.c.
The acetone and chloroform/methanol extracts were examined by thin 
layer chromatography.
Extracts were applied to precoated silica plates (0.25 mm thick, 
with fluorescent indicator) and developed in a solvent system of 
chloroform: methanol: water (60:30:10). Plates were viewed under a u.v. 
strip light and also sprayed with Molybdate-sulphuric acid reagent 
(Dittmer & Lester,1964); phosphorus-containing lipids produce a 
characteristic blue colour with this reagent. Fig 2.1 shows the 
pattern produced by the lipids extracted from eggs.
Fig.2.1. THIN LAYER PLATES OF LIPIDS EXTRACTED FROM EGGS
Solvent 
Front (cm)
11.0
9.9
3.9
1.8
Origin
Acetone CHC1 /MeOH 
Extract extract
Viewed under uv light
Acetone CHC1 /faeOH 
extract extract
Spray reagent
2.3.4. Nitrosation of Phospholipid Fraction
The total phospholipid extract was dissolved in a minimum amount 
of methanol (~ 5 ml) and the volume was made up to 100 ml with distilled 
water. Sodium nitrite (l g) was added and the pH adjusted to 3 by the 
dropwise addition of dilute hydrochloric acid. The mixture was allowed 
to react for 3 hours at room temperature.
Any nitrosamines so formed were distilled from an alkaline solution 
and extracted by the methods mentioned earlier in this chapter.
2.3.5. Results
The results are shown in Table 2.3.
Table 2.3. NITROSATION OF PHOSPHOLIPID FRACTION OF VARIOUS FOODS
Food
Average freeze 
dried wt/lOO g 
food
Average Phospho­
lipid mg./g. wet . 
weight of food
Average 1 
volatile 
samine 
p,mole/kg
kital
nitro-
figNO/g
RAV EGG 20 17 24 0.7
MILK 13 3 1.2 0.04
COOKED
PORK 33 24 4.4 0.13
2.4. Conclusions
The N-nitroso compounds, formed by the reaction of nitrite with 
several foods, havebeen conveniently divided into three groups, according 
to their volatility and solubility in dichloromethane.
Of these three groups, the volatile compounds have been the most 
extensively studied by other workers, both for their chemical and 
physical properties and for their toxic properties. All the simple 
volatile nitrosamines are highly carcinogenic to various laboratory 
animals, so it is important to know if they can be formed from these foods 
It can be seen from Table 2.1 that of the foods studied, cheddar chees 
gives the highest yield of volatile nitrosamines. The origin of these 
nitroso compounds could be from several sources. They could come from 
the simple volatile amines; dimethylamine was shown to be present in 
Gouda cheese (Schwartz & Beinert, 1944) and in Tilsiter (Schwartz & 
Thomason, 1950). Silverman & Kosikowski (1956) examined cheddar cheese 
for amines and found putrescine and cadaverine, which are probably formed 
from the bacterial decarboxylation of arginine and lysine, in varying 
amounts. Putrescine and cadaverine can cyclise on heating to give 
pyrrolidine and piperidine respectively.
As emphasised earlier in this chapter, other, more obscure compounds, 
such as quaternary ammonium compounds and phosphatidyl choline, can 
produce, volatile nitrosamines, as well as the secondary amines mentioned 
above.
Eggs also produce a significant quantity of volatile nitroso 
compounds. Schormuller (1966) identified putrescine and dimethylamine 
in eggs; although another source of these volatile nitrosamines could be 
from lecithin in the egg yolk. From the results obtained from nitrosating 
the phospholipid fraction, it can be seen that a significant amount of 
volatile nitrosamine could be derived from this source.
After nitrosation of all the foods examined, the amount of volatile 
nitrosamines produced from whole foods was of a similar order to that 
produced when the extracted phospholipid fraction was nitrosated. This 
suggests that a significant proportion of the volatile nitrosamines 
produced in the whole food was derived from the phospholipid fraction.
The problem of finding the precursors to the non-volatile, 
dichloromethane extractable group is even more complex, for there are a 
great number of secondary and tertiary amino structures readily available 
for nitrosation.
In this category, the protein-rich foods give a high yield of N-nitroso 
compounds. One group of compounds of potential significance here is the 
nitrosoamino acids. These have been characterised by Lijinsky et al (1970). 
Free amino acids that could be nitrosated would be proline, hydroxyproline, 
arginine and tryptophan, although several recent reports have indicated 
that feeding of nitrite and amino acids to rats, failed to produce 
tumours (Greenblatt et al. 1973, Greenblatt & Lijinsky 1972).
Archer et al (1971) demonstrated the formation of N-nitrososarcosine 
from creatine and nitrite. Creatine is a normal constituent of meat 
(e.g. pork contains 1 - 2  p,moles/g), and it is also present in milk at 
a level of 40 mg/litre. Creatinine, the end product of creatine metabolism, 
is also found in muscle tissues and milk; it can react with sodium nitrite, 
but forms a C-nitroso derivative.
Purines and pyrimidines might also be found in this group. Orotic 
acid (uracil-4-carboxylic acid) is present in milk (60 mg/litre) and this 
has available secondary amino groups which might be nitrosated. Uric acid, 
also found in milk (22 mg/litre), has available amino groups. Tea can 
contain up to 2^ theanine ( Y-N-ethyl glutamine); this compound has a 
secondary amine group.
There is little information on the toxicities of other than the 
volatile N-nitroso compounds. N-nitrososarcosine is a weak carcinogen 
in the rat, whereas N-nitrosoproline is supposedly non-carcinogenic. 
However, there is over ten times as much nitrosation occurring in this 
non-volatile fraction as in the volatile one.
The final group, the water soluble extract, is also very import­
ant as this is where the most nitrosation had occurred in all the foods 
studied, with the exception of cheese.
Several possibilities exist as to the origin of these nitrosated 
compounds. Firstly, they could be polypeptides, which are either . 
nitrosated on a secondary amino group of a constituent amino acid or 
they could be nitrosated actually at a peptide bond. Knowles et al. 
(1974) reacted bovine serum albumin with sodium nitrite at pH 2.5 
and found as well as the normal constituent amino acids, four other 
products had been formed. Two of the products, 3-nitrotyrosine and 
3,4-dihydroxyphenylalanine were thought to arise from the C-nitrosation 
of tyrosine, at of its benzene ring. Of the other two products, 
one was identified as 6-hydroxynorleucine, derived from the deamina­
tion of the e -amino group of lysine. Secondly, they might be nitrosated 
polymers of substituted amino-sugars. Guttner et al. (1971) have
nitrosated N-Me-P-D- glucosamine and N-Me-{3.-D-galactosamine, such 
compounds are present in mucopeptides.
Even certain vitamins could be nitrosated, e.g. folic acid has 
been nitrosated in the past to form N^-nitrOsofolic acid (Angier 
et al. 1952) and biotin also has available secondary amino groups 
which could be nitrosated.
The ability of these potential sources to form non-volatile 
N-nitroso compounds, under the conditions described,has been examined 
(Chapter 6) and several N-nitroso compounds derived from polypeptides
have been characterised (Chapter 3). Much work remains to be done, 
however, to determine the relative importance of these compounds as 
precursors of non-volatile nitroso compounds in whole foods.
CHAPTER 3
IDENTIFICATION OF N-NITROSO COMPOUNDS
3.1. Introduction
In Chapter 2, it was explained that foods were nitrosated with 
an excess of sodium nitrite to obtain a measure of the maximum possible 
nitrosamine formation under ideal conditions; the products were then 
divided into three groups, according to their volatility and then 
according to their solubility in dichloromethane.
This Chapter describes attempts that were made to separate and 
identify some of the individual compounds within the three general 
groups.
3.2. Volatile Nitrosamines
Volatile Nitrosamines formed from the treatment of foods with 
excess sodium nitrite were collected during the vacuum distillation 
procedure, described in Chapter 2.2.2. They were extracted from the 
distillate with dichloromethane and transferred to spectroscopic grade . 
hexane.
The extracts were then examined by gas chromatography, to isolate 
and identify tentatively any individual volatile nitrosamines that may 
have been present.
3.2.1. Gas Chromatography of the Extracts
Preliminary examination of the extracts was carried out by gas 
chromatography, using a Coulson electrolytic conductivity detector, 
which was coupled to a Perkin Elmer F.ll gas chromatograph.
The Coulson detector used in the reductive mode, can selectively 
detect all organic nitrogen compounds. Firstly, the nitrogen com­
pounds are reduced to ammonia with hydrogen, over a heated catalyst.
The ammonia can then be detected by the change in conductivity that 
it produces when dissolved in a stream of water.
Method
Hexane extracts (5 - 10p,l) were injected onto a G.C. Column 
(5.5m. x ^n0.D. teflon, 5^LAC, 2R 446 on Chromosorb G (80 - 100 mesh)), 
temperature programmed from 80 - 180°C at 3°C per minute, using 
helium as the carrier gas (flow rate 30 ml. per minute). Immediately 
after an injection, the solvent was vented for 2 minutes, in order to 
protect the detector against any impurities.
After emerging from the column, the separated components were 
mixed with hydrogen gas and passed into the furnace at 840°C, which 
contained a nickel wire catalyst. Any nitrogen containing compounds 
were thus converted into ammonia.
The ammonia, so produced, was then dissolved in a continuous 
flow of deionised water and produced a change in conductivity of the 
flowing water, which was then detected.
Acidic gases, which may have been produced from, for example, 
chlorinated compounds, and which would have interfered with the con­
ductivity measurements, were removed by a strontium hydroxide scrubber 
situated at the exit end of the pyrolysis tube.
Using the procedure described above, it was possible to separate 
a standard mixture of six volatile nitrosamines, namely, DMN, DEN, DPN 
DBN, N-Pyr and N-Pip. At maximum sensitivity, it was possible to 
detect 10 ng of any one nitrosamine.
Chromatograms were obtained for the nitrosated food extracts, 
using the same conditions, and a tentative identification of any 
volatile nitrosamines present could be made, by reference to the stan­
dard chromatogram.
Results
Fig. 3.1. shows the separation of a standard mixture of six 
volatile nitrosamines, using a LAC 2R 446 stationary phase and a 
Coulson electrolytic conductivity detector in the reductive mode.
Retention Time (mins)
SEPARATION OF SIX VOLATILE N-NITROSAMINES
Using these conditions, the retention times for individual 
nitrosamines were as follows.
a - N-nitrosodimethylamine (DMN) ........  9 min
b - N-nitrosodiethylamine (DEN) ............  12 min
c - N-nitrosodipropylamine (DPN) ...........  17 min
d - N-nitrosodibutylamine (DBN)   .......... 23 min
e - N-nitrosopiperidine (N-Pip)    25 min
f - N-nitrosopyrrolidine (N-Pyr) ......   27 min
Figures 3,2to3.5 are chromotograms of concentrated extracts, 
prepared from 100 g. of various foods, which had been nitrosated with 
5g. of sodium nitrite at pH 3. The retention times of the standard 
nitrosamines are indicated (a—  ^f) on each base line.
By comparing the retention times of the separated components in
the extracts with the retention times of the standard nitrosamines, a
number of nitrosamines were tentatively identified in the food extracts 
these are shown in Table 3.1.
3.2.2. Mass Spectrometry of Extracts
The results obtained from the gas chromatographic analysis of 
the extracts were useful but by no means conclusive. For unequivocal 
evidence of the presence of nitrosamines in the extracts, high 
resolution mass spectrometry was used.
For the mass spectrometry, samples were analysed by Dr. T. Gough
of the Laboratory of the Government Chemist, Stamford St., London.
The instrument used was an AEI MS902, coupled to the gas chromatograph 
via a silicone membrane separator. 4 Details of the method used are 
described by Gough and ¥ebb (1973). Basically, carrier gas pressure 
programming was used instead of temperature programming techniques, 
for the separation of the nitrosamines. Each nitrosamine was then
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TABLE 3.1. TENTATIVE IDENTIFICATION, BY GAS CHROMATOGRAPHY, OF 
VOLATILE NITROSAMINES PRODUCED FROM NITROSATED FOODS.
NITROSATED POSSIBLE NITROSAMINES
FOOD PRESENT
PORK DMN, DEN.
EGG DMN, DEN.
MILK DMN, N-Pip, N-Pyr.
CHEESE DMN, DEN, DPN, DBN, 
N-Pyr, N-Pip.
TABLE 3.2. NITROSAMINES IN EXTRACTS FROM NITROSATED MILK AND
CHEESE, IDENTIFIED BY MASS SPECTROMETRY.
FOOD NITROSAMINES
IDENTIFIED
ESTIMATED
CONCENTRATION 
(jULg/kg or litre)
MILK DMN 50
DEN 1.5
N-PIP. 320
N-PIR. 30
CHEESE DMN 215
DEN 30
N.-PIP. 2600
N-PIR. 875
detected from the G.C. effluent, by monitoring the characteristic 
parent ion in the mass spectrometer.
The detection limit, using this method, was 1 mg./l for a 
nitrosamine in the applied material.
Results
Using this technique, it was possible to confirm and positively 
identify the presence of four volatile nitrosamines in extracts 
obtained from nitrosated milk and cheese. These are shown below in 
Table 3.2.
Concentrated extracts from nitrosated eggs and pork were examined 
for nitrosamines by combined gas chromatography - mass spectrometry 
at Leatherhead, using a Hitachi-Perkin Elmer RMU7L mass spectrometer 
coupled to a Perkin Elmer F-ll gas chromatograph.
The extracts were examined for the presence of three nitrosamines, 
namely DMN, DEN and N-Pyr, by monitoring their parent ions. However, 
none of these nitrosamines were detected in any of the extracts.
3.3. Non-Volatile Nitrosamines
3.3.1. Non-Volatile Nitrosamines Soluble in Dichloromethane.
This section deals with those nitrosated compounds, which, 
although not volatile, were soluble in dichloromethane. Compounds 
such as the N-nitroso amino acids and nitrosated purines and pyrimidines 
would fall into this category.
Very little definitive work has been done on the isolation and 
separation of non-volatile N-nitroso compounds, as other workers have 
concentrated mainly on the detection of volatile nitrosamines.
The main strategy for dealing with these compounds was to try and 
separate extracts into individual components and then possibly 
identify them by mass spectrometry.
Several techniques were used in attempts to separate the nitrosated
extracts into individual components* mainly involving thin layer 
chromatography and high pressure liquid chromatography.
3.3.1.1. Thin Layer Chromatography
For the study of volatile nitrosamines by thin layer chromato­
graphy, most workers have favoured the methods of Preussmann et al. 
(1964). A solvent system of hexane, diethyl ether and dichloromethane, 
in varying proportions depending on the type of nitrosamine, was used 
to develop the chromatogram. The plate was then sprayed with a 
mixture of diphenylamine (1.5$ in ethanol) and palladium (II) chloride 
(0.1$ in 0.2$ saline), in proportions of 5 : 1. On irradiating the 
plate at 240 nm, the presence of a nitrosamine was indicated by the 
appearance of a purple/blue spot. The detection limit for a simple 
volatile nitrosamine was 0.5 p,g. However, ambiguous results can be 
obtained by this method, since molecules containing carboxyl groups 
have been found to give the blue colouration. Also, the presence of 
unsaturated hydrocarbons and a, (3-unsaturated carbonyls interferes in 
the reaction.
Preussmann also developed an alternative detection reagent. This 
required the thin layer plate to be irradiated with u.v. light, thereby 
liberating inorganic nitrite from the nitrosamine. The nitrite was 
then detected by spraying with a 1 : 1 mixture of sulphanilic acid and 
cl -naphthylamine (Griess reagents); this produced a pink colour.
Using this method, the background of the plate also becomes pink, 
which can make the interpretation of the result difficult. The method 
is not specific for nitrosamines, as other compounds with N-0 bonds can 
give a positive result, as do C-nitro compounds, inorganic nitrite and 
nitrate, and esters of nitrous acid.
Sen et al. (1972) have produced a modification of this method.
It involves the detection of the parent amine, which is also produced
from the irradiation treatment of the nitrosamine. The plate is 
sprayed with ninhydrin and heated for 45 minutes at 85 - 110°C, 
whereupon a red/purple colour indicates the presence of the amine.
The disadvantage here is that other amines will also give positive 
results.
Experiments were carried out, therefore, to see if the procedure 
for detecting N-nitroso compounds, developed by Eisenbrand and 
Preussmann (1970) (as described in Chapter 2), oould be applied to 
non-volatile compounds on thin layer plates.
T.l.c. of Standard Non-Volatile Nitrosamines
Various volumes of a solution of N-NO pro line in methanol (lOOOppm) 
were spotted onto 5 x 20 cm. precoated plates of Silica Gel ^*254 
(250 microns thick). These were developed in a variety of solvent 
systems, ranging from polar to non-polar solvents (see Table 3.3.).
The plates were removed from the solvent tank, when the solvent front 
had moved to within 3 cm. of the top of the plate, and dried in a 
stream of cool air. The plate was viewed briefly under a u.v. strip 
light, when the N-nitrosoproline appeared as a dull brown spot against 
the green fluorescence of the rest of the silica plate: its position
was noted.
The plate was then sprayed with a solution of 3$ HBr in glacial 
acetic acid, until the plate was completely saturated. It was left 
for fifteen minutes at room temperature and finally sprayed with a 1:1 
mixture of sulphanilamide (5$ in 25$ HCl) and aqueous N-naphthyl-
(l)ethylenediamine (l$). This solution was made up just before use 
and could not be kept.
A bright pink spot indicated the position of the N-nitroso proline 
against a pale pink background. The detection limit was found to be 
about ' 5 (ig. The region where the N-nitrosoproline showed up, when
TABLE 3.3. R„ VALUES FOR N-NITROSOPROLINE ON SILICA GEL G INJH'-----------------------------------------------
VARIOUS SOLVENT SYSTEMS
SOLVENT SYSTEM R_, VALUE F
ft
Petroleum ether (40/60) 0.05
Pet. ether : acetone (50 : 50) 0.23
Chloroform 0.17
Chloroform : methanol (90 : 10) 0.28
Methanol 0.63
Ethanol : water (95 : 5) 0.65
viewed under u.v. light, was removed from the plate. The silica was 
then extracted with dichloromethane. The extract was concentrated 
under a stream of nitrogen and then tested for the presence of an 
N-nitroso compound by the method described in Chapter 2.2.8. It was 
found that the recovery was never more than 50$.
It was decided therefore, that these techniques could be applied 
to the non-volatile N-nitroso proline. ¥hen applying the procedures 
to extracts from nitrosated foods however, a duplicate would have to 
be run, which would be sprayed with the 'nitrite colour reagents ' only, 
as nitrite would also give a positive result.
Of the solvent systems used, it appeared that a polar solvent or 
one of intermediate polarity caused the compound to move significantly. 
Table 3.3. shows the R^ values for N-nitroso proline in various solvent 
systems.
Experiments were then carried out with N-nitrososarcosine and 
similar results were obtained.
However, when a mixture of N-nitrosoproline and N-nitrososarcosine 
was applied to a plate, it was not possible to separate it into the 
individual compounds, either with polar, non-polar or intermediate 
solvent systems. All that could be seen, either under u.v. light or 
with the spray reagents, was a streak 2 to 3 cm. long moving up the 
plate.
T.l.c. of Extracts from Nitrosated Foods
Dichloromethane extracts of nitrosated foods were applied to 
5 x 20 cm. silica Gel Gr__ layers and run in various solvent systems, 
until a reasonable separation had been achieved. The separation of 
extracts from nitrosated milk and fresh pork are illustrated below in 
Figs. 3.6. and 3.7. The dotted lines indicate the position of 
components when viewed under u.v. light. The shaded areas show those 
components which gave a positive response to the spray reagent.
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Having obtained a reasonable preliminary separation, preparative 
thin layer chromatography was performed on the extracts, on plates of 
silica gel ^254 ^  x cm# an^ microns thick. The separated 
bands were viewed under u.v. light and those which coincided with the 
regions giving a positive response to the spray reagent in the pre­
liminary investigations, were removed.
The silica containing these various bands was extracted with 
diehloromethane. Part of this extract was examined by the Eisen- 
brand and Preussmann (1970) test (Chapter 2.2.8.) for N-nitroso 
compounds. The remainder of the extract was placed in a dipper for 
analysis by mass spectrometry using the solid inlet system of a 
Hitachi-Perkin Elmer RMU 7L high resolution mass spectrometer. Having 
placed the dichloromethane extract in the dipper, the solvent was 
removed under a stream of nitrogen and the sample was stored in a 
vacuum desiccator over silica until it was analysed.
3.3.1.2. Mass Spectrometry
Samples, contained in dippers, were placed in the solid inlet 
system of the mass spectrometer. In some cases it was necessary to 
heat the sample to obtain a spectrum, others did not require heating. 
Low resolution spectra of the samples were then taken, but none of 
the spectra obtained gave distinguishable molecular ions, or identifi­
able fragmentation patterns.
It would appear that the samples contained a mixture of compounds, 
as the spectra produced were too complicated to interpret.
Therefore, it was decided to look for the specific nitrosamines, 
N-nitrosoproline and N-nitrososarcosine, in those samples which showed 
components having R^ values corresponding to the standard nitrosamines 
on thin layer plates.
For this purpose, the resolution of the mass spectrometer was
increased to 10,000 (with a 25^ valley) and the peak matching facilities
were used to look for the molecular ions of N-nitrososarcosine and
N-nitrosoproline (calculated to four decimal places).
No peaks were detected incident with either molecular ion, although 
in an extract from nitrosated pork, a peak was observed that was only 
slightly displaced from the peak corresponding to the molecular ion 
of N-nitrososarcosine.
3.3.1.3. High Pressure Liquid Chromatography
Because the separation of standard non-volatile nitrosamines by 
thin layer chromatography was unsuccessful, the use of high pressure 
liquid chromatography was investigated.
One of the main advantages that high pressure liquid chromatog­
raphy has over other forms of chromatography is that non-volatile 
compounds can be separated much faster; mostly in a matter of minutes. 
Also, separation and detection procedures are combined into one opera­
tion.
Method
The instrument used was a Perkin Elmer 1250 analytical chromato­
graph. The detection system in this instrument consisted of a silica 
cell, volume 7pi , and the absorbance, at 254 nm, was monitored 
continuously. The pumping system used a Milton Roy controlled volume 
mini pump with a pulse damper to even out the solvent flow.
The columns, 50 cm. in length, were all prepacked and supplied by 
Dupont. A special syringe, with a pressure lock, was used for 
injecting samples onto the column (Perkin Elmer).
Individual non-volatile nitrosamines, N-nitrosoproline, N-nitroso- 
hydroxyproline and N-nitrososarcosine were applied to various columns 
and several eluants were used as the mobile phase. The flow rates 
were also varied and the resulting retention times for each compound 
were measured.
Four different columns were used in an attempt to separate the 
non-volatile nitrosamines.
(1) Dupont OPS Column
.This was a polar column, with octadecylsilane as the stationary 
phase. The individual nitrosamines were injected onto the column 
and a variety of solvents were used as eluants, ranging from highly 
polar to non-polar solvents. With a flow rate of 1 ml./minute, it 
was found that none of the nitrosamines were retarded by the column • 
and all were eluted with the solvent front in 1.2 minutes. By 
lowering the pressure, the flow rate was also decreased, and flow rates 
as low as 0.3 ml./minute were obtained. The range of solvents was 
tried, at these lower flow rates, but still the nitrosamines were not 
held back by the stationary phase and emerged from the column with the 
solvent front after about 5 minutes. Solvent systems used included a 
range of concentrations of glacial acetic acid from 5 - 50^, water, 
methanol, methanol/water mixtures, isobutanol, diethyl ether, 
dichloromethane, dichloromethane/cyclohexane mixtures.
The nitrosamines all gave identical retention times for all the 
systems used and it was not possible to separate a mixture of the three.
However it was found that, at maximum sensitivity, the detectable 
limit of any of the nitrosamines was 200 ng.
(2) Dupont Permaphase ETH Column
This column had a non-polar stationary phase, based on ’ether’ 
linkages.
The same techniques and solvent systems were used, as for the polar 
column. Again, similar results were obtained; no matter what flow 
rate or eluant was used, the nitrosamines were not retained by the 
column, and emerged with the solvent front. Therefore, all the nitro­
samines had the same retention times on this column and the mixture of
the three nitrosamines could not be separated into the individual 
compounds.
As it was not possible to obtain separations of the nitrosamines 
by using systems of differing polarities, an attempt was made to achieve 
separations using ion exchange methods.
(3) Dupont Z1PAX SCX Column
This column was a strong cationic exchange resin. The eluant 
used was sodium citrate/citric acid buffer of pH range 2 to 5, and 
dilute hydrochloric acid pH 1 - 3. Using this technique, it was 
found that the individual nitrosamines still appeared at the end of 
the column without being retarded, so it was not possible to separate 
a mixture by this method.
(4) Dupont Z1PAX SAX Column
This column contained a strong anionic exchange resin. The 
individual nitrosamines were injected onto the column and eluted with 
aqueous sodium carbonate/sodium bicarbonate mixtures of pH ranging from 
9.2 to 10.8. Again, unfortunately, all the nitrosamines had the same 
retention times and a separation of the mixture of nitrosamines was 
not possible.
Therefore, using these different columns, all with different 
characteristics, it was not possible to find one stationary phase with 
which the chosen standard non-volatile nitrosamines would interact.
It was only possible to obtain reasonable retention times by decreasing 
the pressure of the system to 200 - 300 psi, but since none of the 
nitrosamines could be retarded by the stationary phases, separations 
could not be obtained.
3.3.2. Water Soluble Non-Volatile Nitrosamines
The nitrosated compounds dealt with in this section are those 
which were neither soluble in dichloromethane nor volatile enough to 
be separated by distillation. As ment.ioned in Chapter 2 
these compounds could be large molecules such as nitrosated polypep­
tides. It was therefore decided to attempt the separation of the 
compounds according to their molecular size, using gel filtration.
3.3.2.1. Gel Filtration
The freeze dried extract, containing the water soluble nitrosated 
products, was dissolved in a minimum quantity of distilled water. The 
dissolved extract (0.5 ml.) was applied to a 1 x 90 cm. column of 
either sephadex G-10 or G25, which was connected to an L.K.B. peri­
staltic pump.
The separated components were eluted from the column with distilled 
water and the absorbance of the eluate at 280 nm. was monitored with 
an L.K.B. uvicord II detector. Fractions were collected on an L.K.B. 
ultrorac 7000 and the absorbance was printed out on an L.K.B. 6520H. 
recorder. The pump rate was varied to give the best separation in 
each case.
Cytochrome c (MW <*vl3,000) was used to indicate the exclusion 
volume of the columns. It was found that the sephadex G-10 column 
(exclusion weight*v 1,000) and the sephadex G25 column (exclusion weight 
5,000) both gave similar elution profiles for the separated components. 
All the separated components were eluted from the column after cyto­
chrome c.
Attempts were also made to add to the extracts a visible marker, 
whose molecular weight was within the exclusion limits for the 
particular column. Several of the compounds tried became bound to 
the column and could not be eluted e.g. chlorophyll (MW^900),
tetraiodoerythracin (MW 880). Other compounds, such as Vitamin 
(MW 1450) and FAD (MW 785) emerged from the column as a sharp, well 
defined peak, when applied to the column singly. However, when they 
were added to the extracts, they appeared to spread themselves and 
could be detected in several of the separated components. Therefore, 
separations of the extracts were carried out, with only cytochrome c 
to indicate the exclusion limit.
Examination of Separated Components
When a reasonable separation had been achieved, the fractions 
corresponding to the separated components were combined together and 
freeze dried. The weight of the resulting solid was recorded.
Analysis for N-nitroso Compounds
The freeze dried solid (usually 10 mg.) was taken up in glacial 
acetic acid (4 ml.) and left for one hour at room temperature, with 
occasional stirring. Any residual solid was then filtered off and 
the filtrate was divided in two. One half of the filtrate was tested 
for the presence of N-nitroso groups by the addition of yfo HBr in 
glacial acetic acid, followed by the nitrite reagents, as described 
in Chapter 2i2.8. The other half of the filtrate served as a control 
and was tested for the presence of nitrite only.
It was then possible to calculate the amount of nitrosation 
occurring in each of the separated fractions.
3.3.2.2. Acid Hydrolysis of Separated Components
Freeze dried material (10 mg.) was weighed into a pyrex test tube 
and a constriction was made in the middle.of the tube by drawing out 
the tube in a hot flame. 6M HC1 (lml.) was added carefully to the solid, 
by means of a pasteur pipette, so that the acid did not wet the con­
striction. The tube was then sealed and placed in an oven at 105°C
for 16 hours. After cooling, the hydrolysis tube was broken open 
cautiously, by scoring the glass below the seal and then applying a hot 
glass rod. The contents of the tube were transferred to a small 
round bottomed flask. The hydrolysis tube was washed with distilled 
water and the washings were added to the hydro lysate in the flask.
The acid was removed by rotary evaporation. Distilled water was 
added to the residual solid, and this was again removed on a rotary 
evaporator. This was repeated until,all traces of HC1 had been 
removed from the hydrolysate.
3.3.2.3. Amino Acid Analysis
The hydrolysate was analysed for amino acids with a Technicon I 
autoanalyser. The sample (lml.) was applied under pressure (200 - 
250 psi) to the top of a 120 cm. x 6 mm. column of chromobeads 
type A, maintained at 60°C by an outer thermostated jacket. The 
amino acids were eluted from the column with buffers of sodium citrate/ 
HC1 ranging from pH 2.88 to pH 5, which were mixed in an autograd.
On emerging from the column, the separated amino acids wa*e mixed with 
a stream of N^ and the ninhydrin reagent. They then entered an ail 
bath at 90°C, to allow the ninhydrin to react with the amino acid.
After cooling and debubbling, the solution passed into three detectors. 
The first two both measured the absorbance at 570 nm, one having a 1cm. 
cell, the other a ^cm. cell. The final detector monitored the absor­
bance at 440 nm (for proline). All three absorbances were then 
printed out on a recorder. A separation of a mixture of standard 
amino acids was used to identify the amino acids in the sample.
Norleucine was used as an internal standard.
Results
When the freeze dried aqueous extract (lg.) from nitrosated pork 
was fractionated on a Sephadex G-10 column, the elution profile
shown in Fig. 3.8. was obtained.
To ensure that contamination of any separated component by 
neighbouring components was minimal, only the six fractions 
collected around each individual peak maximum were combined for 
further study.
Table 3.4. shows the amount of nitrosation detected in each of 
the separated components. When these individual fractions were acid 
hydrolysed, the amino acid compositions, as shown in Table 3.5., were 
obtained.
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TABLE 3.4. CONCENTRATION OF NITROSO GROUPS IN SEPARATED 
COMPONENTS FROM NITROSATED PORK.
Fraction Veight 
(mg.)
Concentration of NO 
(jjtg NO/mg. fraction)
A 2 0.36
B 6 0.54
C 82 0.65
D 67 7.75
E 64 0.44
F 7 0.21
TABLE 3.5. AMINO ACID COMPOSITION OF NITROSATED COMPONENTS
FROM PORK (IN uMOLES/ML. HYDROLYSATE)
Amino Acid Fraction
A B C D E F
Aspartic Acid 0.89 0.38 0.34 0.57 0.03 Trace
Threonine 0.49 0.29 0.24 0.07 Trace Trace
Serine 0.67 0.24 0.23 0.05 0.12 -
Glutamic Acid 0.47 1.29 0.70 0.37 Trace -
Proline 1.13 1.03 0.74 0.24 - -
Glyc ine 1.14 1.72 0.96 0.35 0.10 -
Alanine 0.4 1.09 0.62 0.27 0.45 -
Valine 1.28 Trace - 0.19 0.24 0,11
\ Cystine - 0.23 0.12 - - -
Methionine Trace 0.02 Trace - 0.09 0.09
Isoleucine 0.21 0.27 0.20 0.07 - 0.06
Leucine 0.54 0.55 0.46 0.18 Trace 0.17
Tyrosine 0.12 0.10 0.03 0.02 - -
Phenylalanine 0.43 0.18 0.14 0.18 - 0.16
Tryptophan 0.03 - 0.02 0.06 - Trace
Lysine 0.25 0.27 0.21 0.24 0.07 0.07
Histidine 0.24 0.38 1.62 1.13 Trace 0.03
Arginine 0.46 0.43 0.32 0.78 Trace 0.07
Water soluble extracts from other nitrosated foods were 
fractionated and analysed in a similar manner. Figures 3.9. to 
3.11 show the elution profiles obtained when the aqueous extracts 
from nitrosated eggs, cheese and milk were separated on Sephadex G-10.
When the separated components from each food had been freeze 
dried, the amount of nitrosation occurring in each fraction was 
measured, by the method of Eisenbrand and Preussmann. The results 
are given in Tables 3.6. - 3.8.
Because of the difficulties encountered in having samples 
analysed on the amino acid analyser, it was not possible to have 
every separated component examined for its amino acid content.
The studies were confined to those components which contained the 
highest and the lowest concentrations of NO groups. The amino acid 
composition of these particular components in nitrosated egg, 
cheese and milk are given in Table 3.9 to 3.11.
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TABLE 3.6. CONCENTRATION OF N-NITROSO GROUPS IN SEPARATED
COMPONENTS FROM NITROSATED EGGS.
Fraction Weight of fraction 
(mg}
Concentration of NO 
(fjigNO/mg. fraction)
A 131.0 0.19
B 34.2 0.30
C 56.9 0.53
D 29.6 0.16
table 3.7. concentration of n-nitroso groups in separated
COMPONENTS FROM NITROSATED MILK.
Fraction Weight of fraction 
(mg.)
Concentration of NO 
(pgNO/mg. fraction)
A 1.4 0.86
B 67.9 0
C 42 0.16
TABUS 3.8. CONCENTRATION OF N-NITROSO GROUPS IN SEPARATED
COMPONENTS FROM NITROSATED CHEESE.
Fraction Weight of fraction 
(mg. )
Concentration of NO 
(p.gNO/mg. fraction)
A 22.7 0.38
B 247 0.19
C 18.7 0.18 '
D 5.5 0.11
E 7.2 0.23
TABLE 3.9. COMPARISON OF THE AMINO ACID COMPOSITION OF TWO
SEPARATED COMPONENTS FROM NITROSATED EGG. (iN 
H MOLES/ML HYDROLYSATE).
Amino acid Fraction C Fraction D
Aspartic acid 0.48 0.10
Threonine 0.16 0.06
Serine 0.39 0.05
Glutamic acid 0.71 0.12
Proline 0.60 0.04
Glycine 0.18 0.05
Alanine 0.44 0.07
Valine 0.25 0.04
\ Cystine - -
Methionine trace -
Isoleucine 0.35 0.03
Leucine 0.17 • 0.06
Tyrosine 0.01 trace
Phenylalanine 0.06 0.02
Lysine 0.33 0.07
Histidine 0.14 0.03
Arginine 0.10 0.03
TABLE 3.10. AMINO ACID COMPOSITION OF SEPARATED COMPONENTS
CONTAINING THE HIGHEST AND LOWEST AMOUNT OF 
NITROSATION FROM NITROSATED MILK.,(IN u MOLES/ML 
HYDROLYSATE).
Amino acid Fraction A Fraction B
Aspartic acid 1.19 0.51
Threonine 1.65 \ 0.28
Serine 1.54 0.52
Glutamic acid 2.81 0.64
Proline 2.35 0.40
Glycine 0.82 0.51
Alanine 1.07 0.44
Valine 1.48 0.27
j Cystine - - ■
Methionine trace trace
Isoleucine 1.17 0.21
Leucine 1.44 0.90
Tyrosine 0.29 trace
Phenylalanine 0.56 0.13
Lysine 0.43 0.26
Histidine 0.46 0.16
Arginine 0.37 0.16
TABLE 3.11. AMINO ACID COMPOSITION OF COMPONENTS, FROM NITROSATED 
CHEESE, CONTAINING THE HIGHEST AND LOWEST AMOUNT OF 
NITROSATION, (IN gMOLES/ML HIDROLISATE).
Amino acid A D
Aspartic acid 0.61 0.25
Threonine 0.16 0.11
Serine 1.31 0.03
Glutamic acid 1.74 0.23 .
Proline 0.91 0.01
Glyc ine 0.25 0.22
Alanine 0.31 0.20
Valine 0.46 0.50
\ Cystine - -
Methionine - -
Isoleucine 0.53 0.38
Leucine 0.42 1.25
Tyro s ine 0.05 0.50
Phenylalanine 0.10 0.82
Lysine 0.76 0.04
Histidine 0.28 0.06
Arginine 0.15 0.01
3.4. Summary of Results
After the nitrosation of foods with Yfo sodium nitrite, it was 
possible to identify the presence of several volatile nitrosamines 
by combined gas chromatography and mass spectrometry, in the reaction 
product.
The attempted separation of non-volatile dichloromethane soluble 
N-nitroso compounds by thin layer chromatography and high pressure 
liquid chromatography proved to be unsuccessful. No evidence was 
found of the presence, in the reaction products, of nitrosated amino 
acids, which were expected.
The separation of non-volatile, water soluble compounds from the 
nitrosation of whole foods was effected by gel filtration on sephadex 
G-10 or G-25. Analysis of the compounds, after acid hydrolysis, 
showed them to be polypeptides of varying amino acid composition.
These nitrosated polypeptides are discussed in more detail in Chapter 6.
CHAPTER 4
FACTORS AFFECTING NITROSATION
4.1. INTRODUCTION
It was mentioned in Chapter 1 - how the ability of amides
and amines to nitrosate depended on several factors, namely, pH, 
temperature, concentration of reactants, the basicity of the amine 
and the presence of certain anions. This chapter describes attempts 
to assess the overall factors governing nitrosations, to try and 
relate them to nitrosations occurring under stomach conditions.
The catalytic effect of the thiocyanate ion is re-examined and other 
anions present in biological systems are also examined for catalytic 
activity. The stability of N-nitrosamines under stomach conditions 
and in the presence of amino acids and proteins is studied, as well 
as the formation of N-nitrosamines in the presence of primary amino 
compounds. The inhibiting action of ascorbic acid on the nitrosation 
of amines is also investigated.
4.2. EXPERIMENTAL
4.2.1. Kinetic Studies on Morpholine
Morpholine, being a moderately basic -amine (pKa = 8.7), was used 
in these studies, as it nitrosated quite readily. The rate of nitro­
sation of this amine was measured under various conditions, using a 
spectrophotometric method described below.
4.2.1.1. Method
All reactions were performed at pH 3, the optimum pH for the 
nitrosation of morpholine (Mirvish 1972); the temperature of the 
reaction was either 25°C (to check the results of previous workers) 
or 37°C (physiological temperature)*
Solutions of the amine and nitrite were adjusted to pH 3 with 
dilute perchloric acid, because perchlorate does not catalyse nitrosa­
tions (Boyland et al., 1971). Solutions were maintained at the
reaction temperature on a water bath. The formation of N-nitroso- 
morpholine was followed spectrophotoraetrically at 260 nm, because, 
although X max for N-nitrosomorpholine is 235 nm,' there is considerable 
absorption at this wavelength due to added nitrite. Interference from 
nitrite is minimal at 260 nm (see Fig. 4.1).
A typical incubation was carried out as follows:
15 mM morpholine (l ml.) was pipetted into a cuvette, followed by 
2 ml. dilute perchloric acid at pH 3; this gave 5mM morpholine. The 
cuvette was placed in a thermostated cell carriage of an S.P. 800 
automatic recording spectrophotometer. The cell carriage was main­
tained at the reaction temperature by circulating water from a water 
bath. A solution of sodium nitrite (10 ,^1 of a 10.35 mg/ml solution) 
was added from a micro-syringe onto the tip of a stirring/applicator 
rod. This was then plunged into the cuvette and the reaction mixture, 
now 5 mM with respect to sodium nitrite, was stirred quickly for a 
few seconds. The increase in absorbance with time was recorded, at 
the fixed wavelength of 260 nm for 25 minutes, against a control 
solution which did not contain sodium nitrite. This procedure was 
repeated with various concentrations of nitrite and morpholine and 
reactions were carried out at 25°C and 37°C. The reaction time was 
also extended to three hours, by setting the spectrophotometer to 
delayed scan, when the absorbance was read every five minutes.
The formation of N-nitrosomorpholine, at the end of the reaction 
time, was checked periodically. The 3 ml. of reaction product was 
made alkaline with solid potassium carbonate (0.1 g) and distilled and 
extracted, as described in Chapter 2. The formation of the nitrosamine 
was then tested by the Eisenbrand and Preussman method (Chapter 2.2.6.).
4.2.1.2. Calculation of Results
Rate constants for the formation of N-nitrosomorpholine were
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calculated from initial rates, in order to compare the results with 
those of other workers. It was found that there was a linear 
relationship between absorbance and time during the first fifteen 
minutes of the reaction, initial rates were therefore calculated from 
this.
The molar extinction coefficient of N-nitrosomorpholine at 260 nm
3
was found to be 3.54 x 10 .
4.2.1.3. Results
Fig. 4.2. shows a third order rate plot of total amine concentra-
2
tion x (total nitrite concentration) against the initial rate of 
nitrosation of morpholine at pH3 and 25°C.
As mentioned in Chapter 1.1., the chief nitrosating agent at 
pH 1 is dinitrogen trioxide (N^O^), produced reversibly from two 
molecules of nitrous acid.
2HN02 ^...  N N203 + H20
The reaction rate will be proportional to the concentration of 
^ 0 ^  and hence proportional to the square of the nitrite concentration; 
the rate will also be proportional to the amine concentration.
i.e. Rate = K jjfcotal aminej I total nitritej2 U  ^
where = stoichiometric rate constant (see Chapter 1.1.)
However, there has been a recent report by Friedman (1972), that 
the rates of nitrosation of sarcosine and dimethylamine were only first 
order with respect to the nitrite concentration; this is in disagree­
ment with all other kinetic findings so far reported, but it must be 
stated that he did not mention the reaction conditions etc.
It can be seen from Fig. 4.2., that the plot of I total aminej x
f t ..........12^total nitritej against the initial rate of nitrosation of morpholine 
at pH 3, produced a straight line and agrees with the findings of
-111-
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Fig. 4.2. GRAPH OF THE RATE OF NITROSATION OF MORPHOLINE AT pH 3 AMU
25°C AGAINST THE AMINE CONCENTRATION x (NITRITE CONCENTRATION)2
previous workers e.g. Mirvish, Ridd, that the nitrosation proceeds 
in accordance with the dinitrogen trioxide mechanism.
From the above result, the initial rate constant for the nitro­
sation of morpholine at pH 3 and 25°C was calculated and found to be
-2 2 - 1  -2 2
18.4 mole .1 .min . This compares with values of 14.8 moles .1 .
—1 —2 2 —1min (Mi.rvish, 1972) and 23.2 moles .1 .min (Fan and Tannenhaum,
1973).
The rate constant at 37°C was not determined by these workers,
-2 _ 2
but from this series of experiments it was found to be 40.8 mole .1 .
. -1m m
4.2.2. Nitrosation of Other Amines
Two amines of widely differing basicities, namely dimethylamine 
(pKa = 10.72) which occurs in fish,and piperazine (pKa = 5.57) which 
is present in spices, were studied by the method described above at 
37°C. ^
4.2.2.1. Results
The table below shows the rate constants for the nitrosation of 
the amines studied.
TABLE 4.1. RATE CONSTANTS FOR THE NITROSATION OF THREE 
SECONDARY AMINES AT 37°C and pH 3
Amine pKa
Rate constant
, -2 2 . -lv^mole .1 .mm )
at 37°C
DIMETHYLAMINE 10.7 0.2
MORPHOLINE 8.7 40.8
PIPERAZINE 5.6 4840
4.2.3.- Nitrosations in Gastric and Simulated Gastric Media
Having established the rates of nitrosation for three amines in 
an essentially non-catalysing medium, experiments were then carried 
out to examine nitrosations in media which related to a gastric 
environment.
Three amines (dimethylamine, morpholine, piperazine) were incubated 
separately with nitrite in the following media:
(a) pig gastric juice
(b) human gastric juice
(c) simulated gastric medium - M sodium acetate/HCl buffer at 
pH 3, containing 750 mg./lOO ml. pepsin.
The rates of nitrosation were measured as described previously, 
to determine if there was either an increase or decrease in the rate 
when compared with the standard incubations in the perchloric acid 
medium.
4.2.3.1. Preparation of Media
(a) Pigs Gastric Juice
Whole pigs stomachs were obtained from The Horsham Bacon Company, 
Horsham, Sussex. The stomachs were removed from the pigs immediately 
after death and stored on ice for approximately two hours, during 
transportation to the laboratory. They were then emptied and the con­
tents were centrifuged at 22,000 x g (5°C for 30 minutes). The super­
natant was decanted off, normally about 100 ml. to 200 ml. of a slightly 
turbid yellowish green liquid was obtained. The solution usually had 
a pH of between 4 and 5 and was adjusted to pH 3 by the dropwise 
addition of dilute hydrochloric acid.
(b) Human Gastric Juice
Human gastric juice was supplied by the Gastroenterology Dept.,
North Middlesex Hospital, Acton. The gastric juice was centrifuged 
at 22,000 x g (5°C for 30 minutes). The resulting supernatant was 
slightly turbid, but almost colourless. The pH of these resting 
contents was 1.1 and was adjusted to pH 3 by the addition of sodium 
hydroxide.
(c) Simulated Gastric Medium
A molar solution of sodium acetate was prepared and its pH 
was lowered to 3 by the dropwise addition of hydrochloric acid (6M). 
Pepsin was then added to bring its concentration to 750 mg./lOO ml.
N.B. The pH was adjusted to pH 3 for all three media 
because
(a) this pH would approximate to the post-prandial 
or mean gastric pH in man (see Chapter 5,
Fig. 5.1).
(b) it is the optimal pH for the nitrosation of 
morpholine.
4.2.3.2. Method of Nitrosation
The procedure used in Section 4.2.1.1. was followed with 
certain alterations. Aliquots of the amine and the medium being 
examined were pipetted into a curvette, to give a known molarity of 
amine. The nitrite was then added as stated in Section 4.2.1.1. 
and the absorbance was read at the fixed wavelength for 24 minutes 
against a control, containing the medium and the amine. The pig and 
human gastric juices were turbid and to enable sufficient light to 
reach the photomultiplier, the highest energy setting on the dial 
(8 E) of the S.P. 800 spectrophotometer was used and the slit width 
was opened to 0.1 mm.; this steadied the absorbance recording con­
siderably.
A further control of the increase in absorbance due to the
nitrite and medium alone, was recorded separately.
The whole procedure was carried out for the three amines in 
the three different media.
4.2.3.3. Results
The experiments carried out in the pigs gastric juice were 
inconclusive. Traces obtained from incubating nitrite with the 
pigs gastric juice were identical to those obtained when morpholine 
was added; the addition of excess amounts of morpholine also pro­
duced the same result. This indicated that all the absorbance at 
260 nm was due to products formed from the reaction of nitrite with 
the pig gastric contents and was not due to the formation of N- 
nitrosomorpholine: it also suggested that the nitrosation of
morpholine was being inhibited in some way.
The human gastric juice and simulated medium gave little or 
no absorbance at 260 nm, when incubated with the nitrite and the 
increase in absorbance due to the formation of N-nitroso morpholine 
was measured easily.
Table 4.2. shows the rate constants for the formation of N- 
nitrosodimethylamine, N-nitrosomorpholine and di-N*-nitrosopiperazine 
in human gastric juice and a simulated gastric medium and compares 
the rates with those obtained from the non-cata.lysing perchloric acid 
medium.
No increase was observed in the rate of nitrosation of dimethyl— 
amine: this was probably due to the fact that the increase, if any,
would have been so slight as not to be detected. For example, when 
a solution, 1 m molar in nitrite and piperazine, was incubated at 37°C, 
this produced an increase in absorbance of about one over 24 minutes,
TABLE 4.2. RATE CONSTANTS* FOR THE NITROSATION OF VARIOUS AMINES
IN DIFFERENT MEDIA AT pH 3 AND 37°C
AMINE MEDIA
Human Gastric 
Juice
<
Simulated,
Gastric
Medium
Non-catalys ing 
Medium
Dimethylamine 0.2 0.2 0.2
Morpholine 49.7 47.0 40.8
Piperazine 6193 6193 4840
* Rate constants are expressed in mole . 1 . min
TABLE 4.3. NITROSATION OF MORPHOLINE IN VARIOUS MEDIA
MEDIUM CONTROL 
MEDIUM + NO® MEDIUM + N02°
(|_ig NaNO^ released 
from the Eisenbrand 
& Preussman test)
+ MORPHOLINE
Pigs Gastric Juice 21 135
Human Gastric Juice 0 720
Simulated Medium 0 738
whereas incubating a solution of 50 mM dimethylamine and 50 mM 
sodium nitrite, under the same conditions, produced an increase in 
absorbance of about 0.02.
It can be seen from Table 4.2 that the human gastric juice and 
the simulated medium, have a slight catalytic effect on the nitrosation 
of piperazine and morpholine, of about the same order (1.2 fold 
increase).
Because of the peculiar results obtained from the experiments 
with pigs gastric contents, a series of experiments were carried out, 
nitrosating morpholine for three hours in the various media, and 
examining the product by the Eisenbrand Preussman method.
4.2.3.4. Detection of Nitrosation in Gastric Media.
Morpholine (87 p. l) and sodium nitrite (100 mg.) were each added 
to 25 ml. of pigs gastric contents and the pH was adjusted to 3 with 
dilute hydrochloric acid. A control experiment, consisting of 25 ml. 
of pig gastric juice and 100 mg. sodium nitrite, was also set up.
These were then placed on a water bath at 37°C and allowed to react 
for three hours. The products were made alkaline with solid potassium 
carbonate (1.5 g.) and then distilled, extracted and tested for 
nitrosamine formation, as described in Chapter 2.
The whole procedure was repeated using human gastric juice and 
the simulated buffer system as incubation media.
Results
Table 4.3. shows the amount of nitrosation that occurred, in 
terms of the amount of sodium nitrite released from N-nitroso morpholine 
by the Eisenbrand and Preussman test, (Chapter 2.2.6.) when sodium 
nitrite and morpholine were incubated in various media.
As can be seen from Table 4.3., some nitrosation of morpholine did
occur in the pigs gastric contents over the three hour period, but it 
only amounted to 15$ of the nitrosation that occurred in the two other 
media.
It is also apparent that pig gastric contents contained other nitro- 
satable compounds which were absent from human gastric contents.
4.2.4. Influence of Various Anions on the Nitrosation of Mor-pholine
The thiocyanate ion catalyses the nitrosation of secondary amines 
considerably. Boyland et al. (l97l) found that the rate of nitrosation 
of morpholine (5 mM) with nitrite (0.1 mM) increased 43 fold when thio­
cyanate (lmM) was added (at pH 2 and 37°C). They also examined other 
anions, eg. . Cl^, Br^, 1^, but no similar effect was observed for
the nitrosation of morpholine, although the iodide ion catalysed the 
nitrosation of N-mnthyl aniline by 390-fold, compared to 258-fold with 
the thiocyanate ion. Fan and Tannenbaum (1973) studied the catalysis 
of nitrosation of morpholine by the thiocyanate ion further and found 
that it depended on pH (see Chapter l).
It was decided to examine briefly other ions for a catalytic 
effect. The rate of nitrosation of morpholine at 37°C and pH 3 was 
studied when various anions were added.
4.2.4.1. Method
Solutions of the anions, mainly as their sodium salts, were made 
up tol5 mM and adjusted to pH 3, either with dilute perchloric acid or 
dilute sodium hydroxide, depending on the original pH. In some cases, 
e.g. cholic acid, the solid was not completely soluble in water or 
precipitated out as the pH was adjusted to 3. When this happened, the 
supernatant was taken for the reaction.
The rate of nitrosation of morpholine was then measured spectrophoto- 
metrically by the method described in Section 4.1.2., with morpholine, the 
anion and nitrite in the sample cuvette and morpholine and the anion in 
the control cuvette.
4.2.4.2. Results
Table 4.4 shows the effect that various anions had on the 
nitrosation of morpholine. All experiments were carried out at 37°C and 
pH 3 and with equimolar proportions (5 mM) of nitrite, morpholine, and 
the anion.
Table 4.4. RATES OF NITROSATION OF MORPHOLINE IN THE PRESENCE OF 
VARIOUS ANIONS+, RELATIVE TO THE NITROSATION IN 
PERCHLORIC ACID
ANION (5 mM) Relative rate of 
nitrosation
* Thiocyanate 20+ 3.5
Malate 1.8+ 0.4
Citrate 1.6+ 0.3
Succinate 1.2+ 0.4
Lactate 1.15+0*3
Acetate 1.01+ 0.2
Cholate 1.01+ 0.3
Pyruvate 1.0+ 0.2
cu-ketoglutarate 0.98+ 0.2
Pumarate 0.56+ 0.3
Uncatalysed reaction 1
+ Anions present as their sodium salts, except for, 
* which was present as its potassium salt.
Reactions carried out at pH 3 and 37°C.
It can be seen from Table 4.4 that the thiocyanate ion is, by far, 
the most effective catalyst. Of the other anions investigated, the malate 
and citrate ions catalysed the nitrosation of morpholine slightly, whilst 
the fumarate ion appeared to inhibit the reaction.
4.2.5'. The Stability of Nitrosamines under Stomach Conditions
A series of experiments was carried out to investigate the stability 
of nitrosamines, once they had been formed, under stomach conditions. As 
mentioned in Chapter 2, the reaction of secondary amineswith nitrite is 
reversible, whilst the reaction of primary aliphatic amino groups (including 
protein) is irreversible, producing nitrogen (van Slyke reaction). Thus 
the stability of nitrosamines, in the presence of certain primary aliphatic 
amino compounds, was examined.
4.2.5.1. Method
A 10 ppm aqueous solution of N-nitrosodimethylamine was adjusted to 
pH 3 with dilute HC1 and its absorbance at 230 nm was monitored at 37°C 
for one hour on an S.P. 800A spectrophotometer. This was repeated with 
the solution at pH 1.
A 10 ppm solution of n-butylamine in water was prepared and adjusted 
to pH 3 with dilute HC1J.. This solution (1.5 ml) was added to 1.5 ml of 
the nitrosamine solution at pH 3 in a cuvette and the absorbance at 
230 nm was recorded at 37°C for 1 hour. This experiment was also repeated 
at pH 1. Other compounds, containing primary amino groups, namely lysine 
and pepsin, were then incubated with N-nitrosodimethylamine as described 
above.
4.2.5.2. Results
No change in absorbance at 230 nm ( A max for N-nitrosodimethylamine 
in dilute acid) was detected in any of the experiments. This indicated 
that N-nitrosodimethylamine was stable at the acid pH values used, and in
the presence of a primary amine, an amino acid or a protein.
4.2.6. Competitive Studies on the Nitrosation of Morpholine
When a primary and a secondary amine are present in the same 
solution, and nitrite is added, there will be competition for the 
nitrite. The primary amine will react to give a variety of products, 
mainly the corresponding alcohol and evolve nitrogen, whilst the 
secondary amine will produce a nitrosamine. Experiments were 
carried out to examine how the rate of nitrosation of morpholine was 
affected by the presence of compounds which contained primary amino 
groups. The compounds used were iso-propylamine (a simple alkyl- 
amine), glycine (the simplest amino acid), lysine (an amino acid with 
two primary amino groups) and pepsin (a protein, relatively soluble 
at ac id pH).
4.2.6.1. Method
Standard solutions (15 mM) of the test compounds were made in 
water and adjusted to pH 3 with dilute perchloric acid. Solutions 
of pepsin were made to various concentrations - 1 mg/ml, 10 mg/ml,
50 mg/ml and adjusted to pH 3 with dilute perchloric acid.
The rate of formation of N-nitrosomorpholine was measured spectro- 
photometrically, as described in Section 4.2.1.1. 1 ml each of the
competing amine, morpholine and dilute perchloric acid at pH 3, was 
pipetted into a sample cuvette and a control cuvette, giving a con­
centration for all the reactants i.e. nitrite, morpholine and compet­
ing amine of 5 mM, (nitrite 5mM being added to the sample cuvette, as 
described previously (4.2.1.1.)). The increase in absorbance at 
260 nm was measured at 37°0, for twenty minutes. The residual nitrite 
was measured at the end of the reaction time by immediately pouring 
the contents of the sample cuvette into a flask containing 2 ml. of 
5$ sulphanilamide in 25$ HC1 and then adding 2 ml of 0.1$ najphthyl-(l)- 
ethylene diamine, and after sufficient dilution, reading the absorbance 
of the resulting azo dye at 540 nm (Nicholas and Nason, 1957).
Controls were run of the absorbance at 260 nm due to nitrite 
and the competing substrate.
The experiments were repeated with solutions-10 mM with respect 
to the competing substrates and the various concentrations of pepsin.
4.2.6.2. Results
The initial rates for the nitrosation of morpholine, with competing 
compounds present, were calculated as described in Section 4.2.1.2. and 
then expressed relative to the initial rate of nitrosation of morpho­
line alone.
Table 4.5. shows how the addition of compounds containing primary 
amino groups affected the production of N-nitrosomorpholine.
TABLE 4.5. RELATIVE RATES OF NITROSATION OE MORPHOLINE IN THE 
PRESENCE OF COMPETING PRIMARY AMINO COMPOUNDS
COMPETING SUBSTRATE 
(mM)
Relative Rate of 
Nitrosation
None 1.00
Isopropylamine (5 mM) 0.95
Isopropylamine (10 mM) 0.72
Glycine (5 mM) 0.96
Glycine (10 mM) 0.94
Lysine (5 mM) 0.91
Lysine (10 mM) 0.76
Pepsin (l mg./ 3 ml.) 1.0
Pepsin (10 mg./ 3 ml.) 1.0
Pepsin (50 mg. /3 ml.) 0.68
All reactions5 mM in sodium nitrite and morpholine.
No significant results were obtained by measuring the residual 
nitrite at the end of the 20 minute incubation period. The absorbance 
produced, when the initial nitrite concentration was measured, was 
identical to that produced at the end of the reaction, when the com­
peting substrate was either absent or present. The method used was not 
sufficiently sensitive to detect the small changes in nitrite concen­
tration, due to nitrosation, as these were masked by the large excess 
of nitrite still present.
However, it can be seen from Table 4.5 that when primary amino groups 
were present, the rate of nitrosation of morpholine was slightly reduced 
and that increasing their concentration reduced the production of 
N-nitrosomorpholine further.
Lysine produced a greater effect than glycine as it has two primary 
amino groups. Also, the simple alkylamine, isopropylamine, was more 
competitive than glycine, but both compounds only possess one primary 
amino group.’ This might be explained in two ways. Firstly, the main 
product from the deamination of isopropylamine is isopropanol, whereas 
for glycine, it is glycollic acid, and the pH of the reaction could have 
altered. Secondly, the glycollic acid may have had a slight catalytic 
effect on the nitrosation of morpholine.
4.2.. A Study of Ascorbic Acid as a Blocking Agent of Nitrosations
Ascorbic acid readily reduces nitrous acid to nitric oxide and is 
itself oxidised to dehydroascorbic acid (C^H^O^)
OH 
0V 1 
0 = 0 /  \CH-CH-CH OH
0 OH
0 = c / \ .  CH-CH~CH20H
c
H ii
OH 0 0
ascorbic acid dehydroascorbic acid
Mirvish et al (1972) demonstrated that ascorbic acid could be used 
as an effective blocking agent for the reaction of nitrite with various 
secondary amines. For this to occur, the ascorbic acid presumably must 
react preferentially with the nitrite, as shown above, before the nitrite 
and amine can react.
Therefore, according to the stoichiometric equation above, 1 mole 
of ascorbic acid will remove 2 moles of nitrite.
It was hoped to repeat the observations of Mirvish by studying the 
nitrosation of morpholine spectrophotometrically using the method 
mentioned throughout this chapter. However, although the method appeared 
to work at first, it became apparent later that there was interference 
of some kind. Using a molar ratio of 1:1:1., morpholine: nitrite: 
ascorbate, no increase in absorbance was observed at 260 nm, indicating 
that the ascorbate was blocking the nitrosation. Keeping the nitrite and 
morpholine concentrations the same, but halving the ascorbate concentration, 
again produced the same result, which was in accordance with the 
stoichiometric equation for the reaction of nitrite with ascorbate, as 
indicated above. However, when the ascorbate concentration was reduced 
still further to one fifth, one tenth and one thirtieth of the nitrite/ 
morpholine concentrations, still no increase in absorption was observed.
This in no way agrees with the proposed mechanism of blocking.
4.2.7.1. Method
To investigate the blocking of nitrosations by the action of ascorbic 
acid,, the reaction between proline and nitrite was studied.
An amine: nitrite ratio of 1:10 was mainly used, as this produced a 
relatively high yield of the nitrosamine ( ~20^). The amounts of ascorbate 
added were in ppm, rather than in molar concentrations, so that the 
results could be related to curing processes, and ranged from 100 ppm to 
10,000 ppm.
A typical nitrosation was carried out as follows:
100 mg of proline and 600 mg of sodium nitrite were weighed into 
a beaker and the relevant weight of ascorbate was added. Distilled 
water was added, to bring the reaction volume to 100 ml and the pH 
of the solution was adjusted to pH 2.3 with 6 M HC1. The solution was 
stirred for three hours at ambient temperature.
When the HC1 was added to the solutions containing 10,000 ppm 
and 5,000 ppm ascorbate, there was a vigorous effervescence and a 
copious evolution of brown fumes. The effervescence was less vigorous 
as the concentration of ascorbate was lowered; in the" control and the 
solution containing 100 ppm ascorbate there was no observable 
effervescence. At the end of the three hours, the solutions were 
quickly frozen with liquid nitrogen and then freeze dried.
Acetone (25 ml) was added to the freeze dried solids, to extract 
the N-nitrosoproline and, after warming, the solid was filtered off.
The filtrate was evaporated to dryness on a rotary evaporator, to 
remove all the acetone and an Eisenbrand-Preussmann test was carried 
out on the resulting material as described'in Chapter 2.
4.2.7.2. Results
Table 4.6 shows the effect that various concentrations of ascorbate 
had on the nitrosation of proline.
Table 4.6. EFFECT OF ASCORBATE ON THE NITROSATION OF PROLINE
Reaction
+
concentration 
of ascorbate 
in ppm
1
Proline
(mM)
Nitrite
(mM)
Ascorbate
(mM)
Nitrite/
Ascorbate
molar
ratio
Nitrosation
Inhibition
*
Control 0.87 8.7 - - 21.8 -
100 0.87 8.7 0.057 153:1 20.6 5.5
500 0.87 8.7 0.28 31:1 20.4 6.5
1,000 0.87 8.7 0.57 15:1 20.2 7.4
5,000 0.87 8.7 2.8 3.1:1 15.2 30.0
6,125 0.87 8.7 4.35 2:1 0.124 99.9
7,656 0.87 8.7 3.48 2.5:1 2.18 97.8
10,000 0.87 8.7 5.7 1.5:1 0 100
30,000 0.87 8.7 16.0 0.54:1 0 100
Control 0.087 0.87 - - 15.1 -
1,000 0.087 0.87 0.57 .1:5:1 0 100
Control 0.087 0.44 - - 3 -
1,000 0.087 0.44 0.57 0.8:1 0 100
Experiments were carried out with varying amounts of 
ascorbate, but with 200 ppm sodium nitrite and 50 ppm of proline giving 
a molar ratio of proline: nitrite of 1:6.6. The results are shown 
below, in Table 4.7.
Table 4.7. SODIUM ASCORBATE AS A BLOCKING AGENT FOR THE NITROSATION 
OF PROLINE - USING- 200 ppm NaN02
Reaction
+
cone entration 
of ascorbate 
in ppm
Proline
(mM)
NaN02
(mM)
Ascorbate
(mM)
N02:Ascorbic
molar
ratio
Nitrosation
Inhibition
Control 0.044 0.29 - - 4.0 -
100 ppm 0.044 0.29 0.057 5:1 2.6 35
500 ppm 0.044 0.29 0.28 1.03:1 0 100
1,000 ppm 0.044 0.29 0.57 0.5:1 0 100
5,000 ppm 0.044 0.29 2.8 01:1 0 100
10,000 ppm 0.044 0.29 5.7 0.05:1 0 100
It can be seen that ascorbate is an effective blocking agent for the 
nitrosation of proline and that the proportions of ascorbate required for 
complete blocking are almost in accordance with the stoichiometric equation 
for the reaction of nitrite with ascorbate, i.e. that one mole of ascorbate 
will destroy 2 moles of nitrite. The fact that a small amount of 
nitrosation can occur when 2 moles of nitrite are present might be explained 
by the fact that nitric oxide, formed by the reaction of ascorbate with
nitrite, can combine with oxygen in the atmosphere to produce 
nitrogen dioxide. This can then be redissolved and react with the 
water to give nitric and nitrous acids, as shown by the equation 
below
2 N02 + H20
HNO + HNO .
« 3
4.3. Conclusions
Prom the results of the studies on the nitrosation of morpholine 
(pKa =8.7), it can be seen that the rates of nitrosation in human gastric 
contents and in a simulated gastric medium were similar and slightly faster 
than in the model system. A similar increase in the' nitrosation rate in 
the gastric media was observed with piperazine (pKa =5.6) but the highly 
basic dimethylamine (pKa = 10.7) was nitrosated at a similar rate in all 
three media.
The effect that certain anions, found in biological systems, had on 
the nitrosation of morpholine in the model system was also studied. Although 
malate and citrate anions showed a slight catalytic activity, none showed an 
effect as great as the thiocyanate ion. ' Thiocyanate, a normal constituent 
of human saliva, was found to increase the rate of nitrosation of morpholine 
by 20-fold.
Again, studying the nitrosation of morpholine in the model system, it 
was shown that the presence of compounds such as glycine and lysine,which 
contain primary amino groups, led to a slight reduction in the rate of 
formation of N-nitrosomorpholine. This was due to competition between the 
secondary amine and the primary amino group for the nitrite, since increasing 
the concentration of the primary amino group, decreased the production of 
N-nitroso morpholine still further.
The final factor studied in this Chapter was the blocking action of 
ascorbic acid on the formation of N-nitroso derivatives. It was shown that, 
although theoretically one mole of ascorbic acid will remove "two moles of 
sodium nitrite, a small amount of nitrosation did occur when this ratio of 
reactants was used for the nitrosation of proline. This could be explained 
by the fact that the nitric oxide produced from the reaction of ascorbate 
with nitrite combine with oxygen from the atmosphere to produce nitrogen 
dioxide. This final product could then be redissolved by the reaction 
medium to produce nitrous acid for furthe-r nitrosation.
In order to assess how all the data obtained from these experiments 
might affect nitrosations in.the human stomach when a nitrite-containing 
meal was consumed, a hypothetical calculation was carried out, as 
follows:-
The data was applied to the situation when a 300 g. meal of eggs 
and a cured meat was consumed.
The maximum concentration of residual nitrite that is permitted 
in foods preserved with nitrite is 200 ppm (3 mM), and the average total 
amine content for eggs, as found in Chapter 2 (Table 2.1.), was taken 
as 725 pmoles/Kg. egg.
The following assumptions were then made:-
(a) approximately one third of the amine content would be 
amines of intermediate basicity, i.e.:- 242 p. moles/Kg.
(b) these amines would have kinetics of nitrosation similar 
to those of morpholine.
(c) that all the nitrite present would be used to produce 
N-nitroso derivatives i.e.:— the maximum possible 
nitrosation would be calculated.
Thus, using the rate constants obtained for the nitrosation of 
morpholine under the various conditions and the concentration of 
nitrite as 3 mM and amine as 242 pmoles/Kg., it was possible to calcu­
late the amount of nitrosation that might occur during a three hour 
period at 37°C, when a 300 g. meal was consumed.
Table 4.8. shows the amounts of nitrosation that might occur 
during a three hour period when a 300 g. meal of nitrite and eggs are 
consumed, by using the rates of nitrosation of morpholine under various 
conditions.
It can be seen that in the presence of compounds containing 
primary amino groups, the calculated yield of N-nitroso compounds is
reduced slightly, and that this reduction becomes greater on increasing 
the amount of primary amine.
After consuming a meal, there will be large numbers of primary 
amino compounds, far in excess of nitrosatable amines, competing for 
the limited amounts of nitrite available.
Also, if equimolar amounts of secondary amines and thiocyanate 
are present, which is unlikely to be so, there would be an enormous 
increase in the production of nitrosamines.
Thus the enhancement of nitrosations due to the presence of anions 
such as thiocyanate must be considered along with the inhibiting 
reactants such as primary amines, to give an overall idea of the total 
nitrosation that might occur in the stomach.
It was also calculated that for the inhibitory action of ascorbic 
acid to block completely the nitrosation caused by eating this 300 g., 
nitrite-containing meal, one would need to consume 106 mg. of ascorbic 
acid.
TABLE 4.8. CALCULATED MAXIMUM PRODUCTION OF N-NITROSO COMPOUNDS
DERIVED FROM AMINES OF INTERMEDIATE BASICITY. AFTER THE
CONSUMPTION OF A NO„~' CONTAINING MEAL, BY COMPARISON WITH   ^ *-------------------
RATES OF NITROSATION OF MORPHOLINE
Substrate present 
during Nitrosation of 
Morpholine*
Calculated Amount 
of N-Nitroso Compound 
Produced (p moles)
Control 4.0
+ Human Gastric Juice 5. 8
+ Thiocyanate 80.0
+ Primary Amine (5mM) 3.7
j
+ Primary Amine (lOmM) 2.9
+ Lysine (5mM) 3.7
+ Lysine (lOmM) 3.0
+ Pepsin (1.5$) 2.7
* for 3 hours at 37°C with 5mM NO^ ' & 5mM morpholine
CHAPTER 5
NITROSATIONS 'IN VIVO' AND IN SIMULATED 'IN VIVO'
5.1. Introduction
5.1.1. Nitrosations of Food in Simulated 'in vivo'
In the discussion of the previous chapter, an estimation vas 
made of the amount of nitrosation that might occur when levels of 
nitrite known to be present in foods were consumed in a normal meal. 
This section deals with experiments which were carried out to measure 
the actual production of N-nitroso compounds, when whole foods were 
incubated with low levels of nitrite under stomach conditions, in 
order to see how these results compared with the calculated figures.
It was demonstrated in Chapter 4 that the simulated gastric 
medium, consisting of acetate/HCl buffer and pepsin at pH 3, had 
similar properties to the human gastric juice in relation to the 
rates of nitrosation of various amines in the two media. This buffer 
system was therefore used in all the experiments, as an incubation 
medium to simulate the human gastric situation.
Other factors to be considered were,
(a) the residence time of the food in the stomach
(b) the pH of the stomach
(c) the amount of nitrite that may be present
(d) the presence of catalysing anions.
(a) Residence Time
Foods that have a high protein content, e.g. meat, for which 
gastric digestion is important, remain longest in the stomach, for 
3 to 4 hours and give rise to a high secretion of HC1. Foods with a 
low protein content, e.g. fruit and vegetables, leave the stomach 
earlier, after 1.5 to 2 hours and stimulate less acid secretion. A 
standard incubation time of 3 hours was chosen for all the foods that 
were studied.
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Fig. 5.1. pH OF GASTRIC CONTENTS OVER 24 HOURS
lEd indicates meals. indicates drinks of milk.
(ref. Bell, Davison and Scarborough, 1963.)
(b) pH of the Stomach
There is always a slight,continuous secretion of gastric juice 
into the stomach and, as a result, the fasting stomach contains 
50 - 100 ml. of resting juice. Hydrochloric acid is present in the 
gastric juice; when it is secreted its concentration is about 0.16M, 
but this is lowered somewhat by the secretion of other substances 
such as pepsin and mucin and the actual concentration of HC1 in the 
gastric juice varies between 0.05 and 0.1M, giving a pH of approxi­
mately 1. When food enters the stomach, its effect is to neutralise 
such acid that is present in the resting juice and to increase the
secretion of more acid.
Fig. 5.1. shows the pH of gastric samples taken from a healthy 
male, over a 24 hour period.
It was decided to study the nitrosations at two different pH’s - 
pH 1 and pH 3, although the pH does drop to 4 and 5, this only occurs 
for a short time and so nitrosations at these pH's were not studied.
(c) Nitrite Concentration
As mentioned in Chapter 1, it is permissable to add nitrite to
cured meat products and some types of cheeses; the maximum residual
concentration of nitrite allowed is 200 ppm. Nitrites can also occur 
in stored vegetables and fodder crops, from the reduction of nitrate 
e.g.i in fresh spinach (see Chapter 1.5.). Certain drying processes 
can give rise to the formation of small concentrations of nitrite (lppm) 
in such products as dried milk powder (Manning et al., 1968) and dried 
potato starch (Gerritsen and De Willigen, 1969).
The concentrations of nitrite used in these present experiments were 
100 ppm . to simulate a maximum permitted concentration of nitrite 
being consumed at a dilution of two,and 10 ppm representing a smaller 
concentration of nitrite and further dilution.
(d) Effect of Catalytic Anions
It was shown in the preceding chapter that the "thiocyanate ion 
was an extremely effective catalyst for the nitrosation of morpholine. 
As the thiocyanate ion is a normal constituent of saliva, it was 
therefore decided to incorporate this anion into the nitrosations of 
the foods. The amount of thiocyanate used in the nitrosations was 
determined from a survey carried out on the saliva of various indivi­
duals .
(e) Rate of Utilisation of Nitrite
Experiments were performed to investigate the rate of disappear­
ance of nitrite with time, in the simulated medium used,in the presence 
of various foods.
5.1.2. Nitrosations 'in vivo1, with Nitrite Fed to Dogs
Although the simulated conditions used as a medium for nitrosation
represent the pH, residence time, etc., of a meal in a stomach, they
obviously cannot compare entirely with conditions found in an actual
►
stomach.
A series of experiments was undertaken, in collaboration with 
Dr. Kazantis in the Department of Community Medicine at the Middlesex 
Hospital, London, which involved feeding 'nitrite and amine' containing 
meals to dogs.
5.1.3. Nitrosations 'in vivo* with Meals Containing Permitted 
Concentrations of Nitrite
In order to determine whether nitrosamine formation does occur 
in the human stomach after a meal containing nitrite is consumed, the 
ultimate answer can only be supplied by conducting feeding experiments 
with humans. For this purpose, experiments were carried out in the 
Department of Biochemistry of the University of Surrey, where human
volunteers were fed a meal of bacon and eggs. Their stomach contents 
were then analysed at various time intervals for nitrite and N-nitroso 
compounds. The bacon used in these experiments was specially cured 
to give a residual concentration of nitrite as near as possible to 
the maximum permitted value.
5.2. Methods
5.2.1. Methods Used in the Nitrosations of Foods in Simulated 
fin vivo'
5.2.1.1. Method of Nitrosation
The preparation of the particular food was as described in 
Chapter 2.2.1., by homogenising with a Silverson macerator in a 
minimum amount of distilled water. The homogenised food was then 
added to 500 ml. of M sodium acetate/hydrochloric acid buffer at 
pH 1, which contained 2.75 g. pepsin and 5 mg. sodium nitrite 
(10 ppm). This was then incubated for three hours on a water bath 
at 37°C and stirred with a mechanical stirrer. The reaction product 
was centrifuged at 12,500 x g at the ambient temperature for 20 
minutes. The supernatant was decanted off and the residual solid 
was washed three times with distilled water. The supernatant and 
washings were bulked together.
The whole procedure was repeated at a pH of 3 and also with 
100 ppm sodium nitrite for the five foods studied.
5.2.1.2. Measurement of Residual Nitrite
At the end of each incubation, 10 ml. of the product was pipetted 
into a 250 ml. volumetric flask and deproteinised by the method of 
Adriaanse and Robbers (1969). This involved the addition of 10 ml. 
of a solution of zinc acetate((21.9 g.) in acetic acid (100 ml. 3$)) 
followed by 10 ml. of a
1CYfo solution of potassium ferricyanide and the volume was made up to
250 ml. with distilled water. The resulting precipitate was filtered 
off through Whatman No.4 paper and the filtrate was tested for the 
presence of nitrite in the following manner:-
To 2 ml. of filtrate, 1 ml. of sulphanilamide solution (5% in 25^ HCl) 
was added, followed by 1ml. of N-naphthyl-(l)-ethylene diamine (l% in 
H^O), to produce an azo dye. Distilled water was added to give 
sufficient dilution for the absorbance of the dye to be measured at 
540 nm. (Nicholas and tlason, 1957).
5.2.1.3. Analysis for Nitrosamine Formation
The methods for the separation and estimation of any N-nitroso 
compounds formed were identical to those described in Chapter 2 for 
the determination of N-nitroso compounds formed from the reaction of 
foods with large concentrations of nitrite.
The products were divided into three groups, as before, according 
to their volatility and their solubility in dichloromethane; the 
methods are described in detail in Chapter 2, 2.2. - 2.5. The test 
due to Eisenbrand and Preussmann (1970) was used to measure the amount 
of N-nitroso compounds in each of the three groups (see Chapter 2^2.6.- 
2.2.8.).
5.2.1.4. Estimation of Thiocyanate in Human Saliva
2 ml. of a solution of potassium thiocyanate of known concentra­
tion (0 to 200 ppm), which had been adjusted to pH 2 with dilute HCl, 
was added to 2 ml. of ferric chloride solution (lfo w/v) at pH 2. The 
absorbance at 453 nm. was measured, and a calibration curve was then 
constructed.
Samples of saliva, collected from individuals, were centrifuged 
at 2,000xg. at the ambient temperature for thirty minutes. 2 ml. of
the resulting clear solution were added to 2 ml. of the ferric chloride 
solution and the absorbance at 453 nm. was recorded.
5.2.1.5. Nitrosations of Food in Simulated 'in vivo' with Thiocyanate 
Added
It has been reported that between 1 and 2 litres of saliva are 
secreted per day (Practical Physiological Chemistry. 13th edition, 
p. 351). Thus, on average, during a three hour residence time for 
food in the stomach, approximately 200 ml. of saliva might be expected 
to enter the stomach.
It was found that the average concentration of potassium thio­
cyanate in the saliva of 'non-smokers' was 62 ppm (although two 
smokers'saliva examined, contained about 120ppm). Therefore, in 200 ml. 
of saliva, there would be 12.4 mg. potassium thiocyanate and this amount 
was incorporated into the incubations of food with nitrite under stomach 
conditions.
Thus foods were nitrosated with 10 amd 300 ppm sodium nitrite 
in the simulated gastric medium at pH 1 and pH 3 for 3 hours at 37°C, 
as described in section 2.1.1. with the addition of 12.4 mg. potassium 
thiocyanate to each incubation.
5.2.1.6. Rate of Utilisation of Nitrite in the Simulated Gastric 
Medium
Samples of homogenised pork (lOOg.) and milk (100 ml.) were 
incubated for three hours at pH 1 and pH 3 with 100 ppm sodium nitrite 
in sodium acetate/HCl buffer as described in section 2.1.1. A con­
trol was also carried out, at the same time, which consisted of nitrite 
in the buffer, but with no food added.
At set times, 10 ml. aliquots were removed from each incubation 
and these were then tested for nitrite content. (See section 2.1.2.)
5.2.2. Methods Used in the Nitrosations 'in vivo' with Nitrite
Fed to Dogs
5.2.2.1. Feeding Details
Two female mongrels (K^ and K^), weighing 21 Kg. and 12 Kg. 
respectively, were fed once a day on a diet consisting of 500 g. 
corned beef mixed with 200 ml. of water, 15 ml. of 5$ sodium nitrite 
and 1.5 ml. of 25$ dimethylamine. An aliquot (50 ml.) of this 
mixture was taken for analysis and the remaining 716.5 ml. was fed 
to the dogs.
Three further experiments were carried out with dog K^, when fish 
was incorporated into the diet; half of the corned beef (250 g.) was 
replaced with fresh haddock.
The stomach contents were aspirated at 2\ to 2\ hours after the 
feed and immediately placed in a deep freezer until they were required 
for analysis.
5.2.2.2. Analysis of Diet and Stomach Contents 
-pH Measurement
The pH of the diet and the stomach contents were measured on a 
Pye Unicam pH meter with a glass electrode.
Nitrite Determinations
lOg. of either the diet or the stomach contents were mixed 
thoroughly in a few ml. of warm water. This was then transferred to 
a 200 ml. volumetric flask, and deproteinised and analysed for nitrite 
as described in Section 2.1.2.
Nitrosamine Determinations of the Diet and Stomach Contents
A sample of the diet (10 g.) was made homogenous with 100 ml. of 
distilled water and adjusted to pH 9 with potassium carbonate solution 
(10$ w/v). 10g. of sodium chloride was added and the mixture was
distilled under vacuum, with the temperature not exceeding 50°C, until
50 ml. of distillate had been collected in an ice-cooled receiver.
For nitrosamine determinations on the stomach contents, all of the 
sample was used, this varied from 40 to 500 ml. and all samples were 
distilled to half volume.
Detection of Nitrosamines
The general method for the detection of N-nitroso compounds, 
which was described in Chapter 2, was not used for this series of 
experiments, as these were carried out before the Eisenbrand and 
Preussmann method was published.
An earlier method was used for the estimation of the nitrosamines 
namely photolysis of nitrosamines in alkaline solution. This method 
was carried out, in conjunction with gas chromatographic analysis of 
the distillates.
(a) Photolysis
The method due to Daiber, and Preussman (1964) was used. A 
sample of the distillate was made alkaline to pH 8 with sodium hydrox­
ide solution (5$ w/v) and photolysed for 30 minutes. In this way, 
any nitrosamine present was converted to nitrite. The amount of 
nitrite so released was then determined by the azo coupling reaction, 
as described in Section 2.1.2.
(b) Gas Chromatography
Analysis of the distillates by gas chromatography was performed 
on a Varian 1700 series G.C. on twin columns of 15$ carbowax on 
Chromosorb ¥. Samples were run isothermally at 100°C, with the 
detector oven at 217°C and the injection block at 220°C and were com­
pared under identical conditions with an authentic solution of DMN 
(lppm in distilled water).
5.2.3. Methods Used in the Nitrosations 'in vivo' in Humans
5.2.3.1. Analysis of the Bacon for Nitrite and Nitrosamines
Nitrite
lOg. of the raw bacon was minced up and the nitrite was extracted 
with about 100 ml. of warm water. This was then transferred to a 
200 ml. volumetric flask, deproteinised and tested for nitrite, as 
described in Section 2.1.2.
Another portion of the bacon was fried for 5 minutes in an 
electric frying pan and a nitrite analysis was carried out on the 
cooked bacon.
Nitrosamines
A sample of the cooked bacon (100 g.) was homogenised on a 
Silverson macerator with 250 ml. of distilled water. The pH of the 
mixture was adjusted to pH 8 with potassium carbonate solution (10$ 
w/v) and 10$ sodium chloride was added. The bacon slurry was then 
distilled under vad.uum at 50°C until about 150 ml. of distillate had 
been collected in the ice-cooled receiver.
The distillate was extracted with dichloromethane and the 
extract was analysed for the presence of nitrosamines, as described 
in Chapter 2.
5.2.3.2. Feeding Details
Four volunteers each swallowed a nasal Ryles tube and a sample 
of resting gastric juice was drawn up into a syringe, attached to the 
end of the- tube. Two of the volunteers were then given 100 ml. of 
water each, which contained 78 mg. of ascorbic acid, the other two 
drank 100 ml. of water only.
They all then consumed a meal consisting of ^lb bacon, two large 
eggs and either a cup of tea or coffee.
Samples of their stomach contents were withdrawn from the 
Ryles tubes with a syringe, at intervals of ^hr., 1 hr. and 3 hrs. 
after the meal. After one hour, each volunteer was given 100 ml. of 
water.
5.2.3.3. Analysis of Stomach Contents 
pH Measurement
The pH of each sample was measured on a Pye Unicam pH meter, 
with a glass electrode.
Determination of nitrite
An aliquot of each sample (5 ml.) was deproteinised and tested 
for nitrite, as described in Section 2.1.2.
Determination of Volatile Nitrosamines
Because only small volumes of stomach contents could be obtained 
at each time interval, it was necessary to bulk samples together, in 
order to obtain sufficient material for a distillation. Therefore, 
at each sampling time, the ascorbate samples were bulked and the non- 
ascorbate samples were combined together also.
The samples were made alkaline with potassium carbonate solution 
(10$ w/v) and distilled under vacuum at 50°C. The distillates were 
extracted with dichloromethane and examined for the presence of nitro­
samines by the method described in Chapter 2.
Determination of Non-Volatile Nitrosamines
The samples of stomach contents were freeze dried. The freeze 
dried solids were then analysed for the presence of total non-volatile 
nitrosamines, as described in Chapter 2.
5.3. Results
5.3.1. Nitrosations in Simulated 'in vivo'
Table 5.1. shows the concentrations of N-nitroso compounds which
were produced from the nitrosation of whole foods with 10 and 100 ppm 
sodium nitrite at pH 1 under stomach conditions; the final concentra­
tion of nitrite remaining at the end of the incubation is also tabulated. 
Results are expressed in jj,moles of N-nitroso compound/Kg. foodstuff and 
moles/litre for milk.
Table 5.2. shows the nitrosations of foods with 10 and 100 ppm 
nitrite under stomach conditions, at pH 3.
The survey performed on the concentrations of thiocyanate present 
in human saliva showed that for non-smokers the concentration ranged 
from 51 - 66 ppm, with the exception of one low result of 19 ppm.
For the two smokers who were tested, values of 119 and 122 ppm of 
thiocyanate were found in their saliva.
Table 5.3. shows the production of N-nitroso compounds from the 
nitrosation of foods with low concentrations of nitrite, in the 
presence of potassium thiocyanate. Residual nitrite levels are also 
given.
Table 5.4. shows the nitrosation produced when foods were incu­
bated at pH 3, with 10 and 100 ppm nitrite in the presence of thio­
cyanate .
To determine the rate of utilisation of nitrite in the simulated 
medium at pH 1 and pH 3, in the presence of certain foods, graphs 
were plotted of nitrite concentration (in ppm) against time (in 
minutes). These are shown in Figs. 5.2. and 5.3.
TABLE 5.1. NITROSATION OF DIFFERENT FOODSTUFFS IN SIMULATED
1 IN VIVO 1 AT pH 1
Cone11 of 
Nitrite used 
(ppm)
Residual
Nitrite
(ppm)
Cone11 of N-Nitroso Compound 
Formed (umol/Kg.*)
Food Volatile
Fraction
Non Volatile 
CH^Cl Extractable 
Fraction
Vater
Soluble
Fraction
PORK 10 0.140.6 0 0 0
(cooked)
100 0.4-713.3 0 o, 2-r3.1
EGG 10 0.140.3 0 0 6.846 .9
(cooked)
100 0.7541.3 0 0 19421
BREAD 10 1.341.6 0 0-4L. 3 11.2415.0
100 7.3411.7 0 2.444.8 26.1430.8
MILK 10 0.1-K).3 0 0 0.741.6
(pasteurised)
100 0.341.2 0 040.3 3.243.5
CHEESE 10 0.340.4 0 1.244.1 7.649.1
100 0.6642.3 040.9 3. 447 .0 23437
* jjl mol/litre for milk.
TABLE 5.2. . NITROSATION OF DIFFERENT FOODSTUFFS IN SIMULATED
* IN VIVO' AT pH 3
Cone11 of 
Nitrite usee 
(ppm)
Residual
Nitrite
(ppm)
Cone11 of N-Nitroso Compounds 
Formed (^mol/Kg.*)
Food Volatile
Fraction
Non Volatile 
CH^Cl^ Extractable 
Fraction
Water
Soluble
Fraction
FORK 10 1.341.6 0 041.5 2.645.8
(cooked)
100 2.745.1 0 0.944.6 19423.
EGG 10 0.3341.0 0 O-fO.8 6.348.4
(cooked)
100 1.644.6 0 1.141.7 22.7437.8
BREAD 10 2.744.7 0 1.842.4 18.1423.4
100 7.1418.1 0 10.3410.6 47462
MILK 10 2.542.7 0 041.7 4.548.9
(pasteurised)
100 4.646.7 0 3.143.6 8412.3
CHEESE 10 1.6642.3 0.641.7 5.2416. 2.5414.
100 3.343.9 1.847 32446 9.5461.
* jj,mol /litre for milk
TABLE 5.3. NITROSATION OF FOODS IN SIMULATED * IN VIVO', IN THE
PRESENCE OF THIOCYANATE AT pH 1
Food
Cone11 of 
Nitrite used 
(p.p.m.)
Residual 
Nitrite 
(p.p.m.
Cone11 of N-Nitroso Compounds 
Formed ((imol/Kg.Food*)
Volatile
Fraction
Non Volatile 
CH Cl Extractable 
Fraction
Vater
Soluble
Fraction
PORK 10(2) 0.170.3 0 0 5.877.1
(cooked)
100(2) 1.3-5.7 0 072.6 12.3712.7
EGG 10(2) 0. 170 . 6 0 0 39758
(cooked)
100(2) 0.370.6 0 14-t29. 1627220
BREAD 10(2) 0.67L. 6 0 0^ 0.9 29737.
100(2) 374.7 0 2.1-72.5 56760.
MILK 10(2) 0.3 0 0 3.874.0
(pasteurised)
100(2) 2.372.6 0 0.1-70.3 8.2713.0
CHEESE 10(3) 0.270.4 073.6 3.175 11.7713.2
100(3) 0.54-71.7 0.9-71.5 14.2716 16729
* p, mol/litre for milk
Figures in brackets indicate the number of determinations.
TABLE 5.4. NITROSATION OF FOODS WITH NITRITE AT pH 3 IN THE
PRESENCE OF THIOCYANATE
Food
n n Cone of
Nitrite used
(p.p.m.)
Residual 
Nitrite 
(p.p.m.)
Cone11 of N-Nitroso Compound 
Formed (pmol/Kg.Food*)
Volatile
Fraction
Non Volatile 
CH Cl Extractable 
Fraction
Water
Soluble
Fraction
PORK 10(2) 1.0^1.33 0 0^2.3 20.8-T23.1
100(2) 3.3-»14.0 0 1.2-?8.6 36.7-^51.5
EGO 10(2) 0.75*31. 0 0 021.6 98-3143
100(2) 1.3-23.9 0 20->3 5.2 211H237
BREAD 10(2) 2.7-*3.3 0 1.973.1 32-241.8
100(2) 18.1-521. 0 5. 7*39.8 61H89
MILK 10(2) 0. (Hi. 3 0 0.9*>2.6 4.7-56.9
100(2) 4.024.3 0 3.CH3.4 18.6H22.1
CHEESE 10(3) 0.33-71.0 0.1-23.6 7.7H9.5 12.6-215.2
100(3) 2.9~216.2 1.3*36.2 37t 5.1 14.1H48.
* p.mol /litre for milk
Figures in brackets indicate the number of determinations.
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5.3.2. Nitrosations ’in vivo* with Dogs Fed Nitrite and
Dimeth.ylamine
The results obtained when the stomach contents of two dogs 
(K^ and K^), fed on nitrite ('■'-'1,000 ppm) and dimethylamine (~'500 ppm) 
were analysed, are tabulated in Table 5.5.
Fig. 5.4. shows the gas chromatographic analysis of a distilled 
sample of the stomach contents of a dog fed nitrite and dimethyl­
amine and a trace of an authentic sample of DMN separated under 
identical conditions.
5.3.3. Nitrosations 'in vivo1 Performed in Humans
The raw bacon used in these feeding studies was found to contain
176 ppm of nitrite and this was found to increase to 186 ppm after
frying. No nitrosamines were detected in the bacon.
Table 5.6. shows the pH values of the stomach contents for the 
four individuals at the sampling times shown, after they had eaten 
■|lb of the bacon and two eggs.
Table 5.7. shows the concentrations of nitrite found in the 
stomach contents of individuals, after they had consumed a meal of 
half a pound of bacon, which contained 180 ppm of residual nitrite.
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Fig. 5.4. GAS CHROMATOGRAPHIC ANALYSIS OF DMN AND DISTILLED
lDistillate
SAMPLE OF DOGS STOMACH CONTENTS
TABLE 5.6. pH VALUES OF HUMAN STOMACH CONTENTS, AFTER 
CONSUMING A MEAL
with 
ascorbic 
acid
\
without ^  
ascorbic 
acid
/
Sample Resting pH 
(tQ ) (rfii-n) ,*3°,( m m) , V(.mmj *180(.mm;
A 1.1 3.3 2.2 1.8
B 1.05 3.1 2.0 1.7
C 1.1 3.9 4.8 2.3
D 1.07 4.0 5.1 1.9
TABLE 5.7. CONCENTRATIONS OF NITRITE (p.p.m.) IN THE STOMACH 
CONTENTS OF INDIVIDUALS, AFTER EATING A NITRITE- 
CONTAINING MEAL
with 
ascorbic 
acid ^
without 
ascorbic 
acid \
Sample *0
(min)
*30
(min)
*60
(min)
*180
(min)
A 0 1.8 0 0.6
B 0 1.3 0 0
C 0 1.5 0 1.1
D 0 1.2 0 0.2
5.4. Conclusions
It can be seen from Tables 5.1. and 5.2. that it was possible 
to detect the formation of N-nitroso compounds, when low concentrations 
of nitrite were incubated with various foods in an artificial medium, 
which tried to simulate the human stomach. Although all the foods 
studies yielded considerable amounts of non-volatile N-nitroso com­
pounds under these conditions, cheese was the only food which produced 
any volatile N-nitrosamines. It was mentioned in Chapter 1.5. that 
cheese contains significant quantities of various nitrosatable amines. 
These two tables also show that pH 3 was more favourable than pH 1 for 
the production of N-nitroso compounds. This may be explained by the 
fact that at the higher pH, there is more free amine present, which is 
required for nitrosation to occur; whereas at the lower pH, the amines 
will be protonated, thus rendering them unreactive.
A higher concentration of nitrite gave rise to an increase in 
the production of the N-nitroso compounds for every determination 
carried out, which was only to be expected, since the rate of nitro­
sation depends on the square of the nitrite concentration.
It may also be seen that, even when identical conditions of pH, 
temperature and nitrite concentration were used, there was a large 
variation in the amount of nitrosation that had occurred. This could 
be due to the non-homogeneity of the reaction mixture, with only small 
amounts of sodium nitrite present, to the non-homogeneity of the food, 
or to a difference in food samples. From the residual nitrite 
determinations, it can be seen that most of the nitrite disappeared 
after a three hour period, either by reaction to form N-nitroso com­
pound or, mainly, by decomposition at the acid pH’s. The residual 
nitrite concentration was lower at pH 1, due to the fact that nitrite 
decomposes more readily at lower pH's. It must also be noted here
that, again, there was a considerable variation in the residual 
nitrite level.
From Tables 5.3. and 5.4., it can be seen that the effect that 
the thiocyanate had on the nitrosation of the foods was very varied. 
Although the addition of thiocyanate resulted in overall increases in 
the production of the water soluble nitroso compounds at both pH's, 
it had an uncertain effect on the production of the dichloromethane 
extractable nitroso compounds, particularly at pH 1. Also, it can be 
seen that the presence of thiocyanate did not lead to the production 
of volatile nitrosamines in any of the foods, other than cheese.
The residual nitrite concentration did not alter considerably, 
due to the presence of thiocyanate.
From the study of the rate of utilisation of nitrite in the
simulated medium, it can be seen from Figs. 5.2. and 5.3. that the
nitrite disappeared more rapidly at the lower pH and this was due to
the fact that nitrite decomposed more readily at pH 1, as shown by
the control measurements. At pH 3, the disappearance of nitrite
was increased by the presence of the foods, by e.g. nitrosation,
deamination of the proteins, whilst at pH 1, the nitrite decomposed so
rapidly, that the presence of the foods seemed to have little effect.
The half-life (TjJ for the nitrite in the simulated gastric medium,
2
i.e. the time for the original concentration of nitrite to be 
reduced by half, averaged ^ 1 7  minutes at pH 1 and 37 minutes at pH 3.
Thus from the results obtained from the nitrosation of foods in 
a medium which tried to simulate the human stomach, it was shown that 
it was possible to obtain N-nitroso compounds when low concentrations 
of nitrite were allowed to react with foods. • It was also demonstrated 
that a pH of 3 was more effective than a lower pH, due to less rapid 
decomposition of the nitrite and more available free amino groups.
From the 'in vivo' feeding studies with dogs, who were fed 
700 mg. of nitrite in their diet (^1,000 ppm or 14 mM) and 375 mg. 
of dimethylamine (500 ppm or 9 mM), two main trends were observed.
On analysing the stomach contents of the dogs about 2\ hours after 
eating the meal, it was found that the concentration of nitrite had 
decreased to between 13.3 and 26.6 ppm for one of the dogs ^ut
for dog K^, the concentration of nitrite had fallen only to between 
150 and 440 ppm. It was noticed that the dog had considerably 
higher pH values, for its stomach contents, an average of 5.5, .com­
pared to an average of 3.5 for K^. This is in accordance with the 
findings of the experiments conducted in the artificial stomach 
medium, that the lower the pH, the more rapidly the nitrite is lost. 
Considering the concentration of nitrite used in the 'in vivo' 
experiments with the dogs, a very small proportion of the nitrite fed 
the animals actually remained in the stomach after 2\ hours. It 
was also noted that very little DMN had been formed in any of the 
feeding experiments, especially considering the relatively large 
amounts of nitrite and amine that had been introduced into the diet.
This might be explained in two ways:
(1) dimethylamine, being an extremely basic amine, did not nitrosate 
very readily, since in the acidic conditions of the stomach it was 
easily protonated, thus rendering it inactive to attack by nitrous acid.
(2) the nitrite disappeared from the stomach quite rapidly and did 
not have sufficient time to react with the amine. This could be 
borne out by the fact that, on average, dog K^, which had high stomach 
pH values and consequently more residual nitrite present, produced 
more nitrosamine. Thus, although it was possible to identify the 
formation of DMN in the dogs' stomachs, after they had eaten nitrite 
and the parent amine, the amounts of DMN produced were surprisingly 
small.
When feeding studies were conducted in humans, similar trends 
•were also observed. Although the individuals consumed about 38 mg. 
of sodium nitrite each, in a total volume of about 500 ml. (i.e. 
approx. 80 ppm of nitrite), most of the nitrite disappeared from the 
stomach within half an hour, nitrite concentrations after 30 min. 'ranging 
from 1.2 to 1.8 ppm. This could have been due to the decomposition 
of the nitrite at the low pH's found in the stomach, or due to the 
reaction of nitrite with various compounds (see Chapter 2.1.).
Another possibility is that the nitrite molecules, being small, 
could have diffused out of the stomach to another site.
It was also noted that the presence of ascorbic acid did not have 
a marked effect on the disappearance of the nitrite, at these low 
concentrations. It was observed however, that those individuals 
who had an ascorbic acid drink prior to eating their meals, had lower 
pH values for their stomach contents than those who had just water.
Also, after three hours, the stomach contents of the individuals 
who did not take ascorbic acid were clear, almost resembling the 
resting contents, whereas the contents of those who took ascorbic acid 
were still very turbid after three hours.
No volatile nor non-volatile N-nitroso -compounds could be 
detected in the stomach contents of either group of individuals, at 
any of the sampling intervals investigated. This was presumably 
due to the extremely rapid disappearance of nitrite from the stomach, 
which left no available nitrosating agent for reaction with any 
amino compounds present.
. This demonstrated the inadequacy of the simulated medium.
Although it resembled the human stomach as far as conditions such as 
temperature and pH were concerned and nitrosamine production could 
be demonstrated with low concentrations of nitrite and food, when the
actual human stomach was used for the 'in vivo' reactions, the nitrite 
was found to disappear much more rapidly and nitrosamine production 
was not possible. 'In vivo' production of DMN was demonstrated in 
dogs, when unrealistic amounts of its precursors were used, but again 
the nitrite concentration fell dramatically with the lowering of the 
stomach pH and only traces of DMN were formed.
CHAPTER 6
NITROSATION OF PEPTIDES AND NATURALLY
OCCURRING AMINES
6.1. Introduction
The nitrosation of whole foods, yielded products which were 
soluble in water, but not in dichloromethane. These nitrosated 
products could be separated into several fractions by gel filtration. 
When these fractions were acid hydrolysed, they were found to con­
tain amino acids in varying proportions. It thus appeared that 
these water-soluble compounds were nitrosated polypeptides. The 
site of nitrosation could be in two distinct positions:-
(a) at a peptide bond
(b) on amino acids of the peptide chain.
In this chapter, attempts were made to distinguish between these
two possibilities. If a peptide bond can be nitrosated, then the 
nature of the two amino acids forming the bond may affect the nitro­
sation; this possibility was investigated. The dipeptide glycyl 
glycine was chosen as a model compound for studying the nitrosation of 
a peptide bond.
H2N. CH2.CO.NH.CH2.C02H.
Glycyl glycine
Other dipeptides were then nitrosated to determine whether 
different amino acids forming the peptide bond would affect its 
nitrosation. For example, if the neutral amino acid, glycine, was to
be replaced by an acidic amino acid (e.g. glutamic acid) or a basic
one (e.g. lysine), would the environment of the peptide bond be 
changed sufficiently to alter its nitrosation?
In Chapter 3, the amino acid compositions were obtained for 
fractions separated from the aqueous extracts of various foods. For 
each food, differences were observed in the amino acid compositions of 
the fractions containing the highest and lowest amounts of nitrosation 
per unit weight.
Dipeptides, which contained amino acids showing this significant 
difference, were nitrosated to see if those amino acids, present in 
large amounts in the highly nitrosated fractions, would aid the nitro­
sation of the peptide bond and those present in large amounts in the 
least nitrosated fractions would inhibit the nitrosation of the pep­
tide bond.
Although there was not an overall trend in the amino acid 
compositions of the most and the least nitrosated fractions for 
different foods, the amino acid composition differences of the frac­
tions from cheese were investigated. It was noted that in the most 
nitrosated fraction from cheese, there was a high proportion of 
serine, glutamic acid, proline, lysine, histidine and arginine, com­
pared to the least nitrosated fraction. Several of these amino acids, 
namely proline, arginine and histidine, contain secondary amino groups 
and in fact the nitrosation of proline is well documented. Arginine 
also has been reported to produce an N-nitroso derivative on treatment 
with nitrous acid, although there are no such reports about the nitro­
sation of histidine.
N.-.B. Presumably the nitrosation of proline can only be effected when 
it is situated at the N. terminal end of the peptide chain, otherwise 
the amino group would be involved in the formation of a peptide bond 
and thus unavailable for nitrosation.
Considering the least nitrosated fraction from cheese, there was 
a high proportion of the amino acids leucine, tyrosine and phenylalanine. 
(It is possible that tyrosine, being a phenolic compound, could form a 
C-nitroso derivative on nitrosation.) Thus di- and tripeptides con­
taining these amino acids mentioned above were reacted with nitrous 
acid to compare their nitrosation with that of glycyl glycine.
Lijinsky et al. (1970) have prepared and characterised some
nitrosamino acids, including N-nitrosoproline and N-nitrososarcosine. 
Certain naturally occurring tertiary amines and quaternary ammonium 
salts were nitrosated by Fiddler et al. (1972), who were interested 
in the production of simple N-nitrosoalkylamines from the reactions.
A quantitative study was carried out on a number of other naturally 
occurring compounds, containing potentially nitrosatable amino groups, 
to see if they could be nitrosated.
6.2. Methods
6.2.1. Nitrosation of Glycyl Glycine
Glycyl glycine (l.32g.) was dissolved in 50 ml. of distilled 
water and sodium nitrite (3.45 g. ) was added. The solution was 
adjusted to pH 2.6 with 2M HC1 and allowed to react for three hours 
at room temperature, on a magnetic stirrer. The solution was 
evaporated to dryness at 50°C, on a rotary evaporator. The reaction 
product, a bright yellow solid, was extracted with 50 ml. of acetone 
and any insoluble solids were filtered off. These solids were 
re-extracted with another 50 ml. of acetone. The filtrates from the 
two extractions were combined and the solvent was removed by rotary 
evaporation.
The same method and extraction procedures were used for the 
nitrosation of the other di- and tri-peptides, except 10-80 mg. of 
the peptide were used, depending on the amounts available.
For the nitrosation of the other naturally occurring amino com­
pounds, 100 mg. of the compound was dissolved in 50 ml. of water and 
the same nitrosation procedure was followed. Some of the compounds 
e.g. allantoin, hydantoin, were only sparingly soluble in water, but 
the reaction was carried out with the compounds in suspension. After 
three hours the reaction products were freeze dried and not extracted 
with acetone.
6.2.2. Measurement of the N-nitrosation
The extract (50 mg.) obtained as in the above section, was 
tested for the presence of the N-nitroso group by the method of 
Eisenbrand and Preussman (1970), (see Chapter 2 ).
6.2.3. Thin Layer Chromatography of Extracts
The extract and starting material were applied to precoated 
plates (5 x 20 cm) of silica Gel ^254* These were developed in a 
solvent system of n-propanol : water (80 : 20). Vhen the solvent 
front was about 3 cm. from the top of the plate, the plate was removed 
from the solvent tank, dried in a stream of cool air, and viewed under 
a u.v. strip light, the positions of any separated compounds being 
noted. The plate was then sprayed with ninhydrin reagent (0.3 g. 
ninhydrin in 100 ml. n-butanol, containing 3ml. glacial acetic acid) 
and then placed for 20 minutes in a drying oven at 100°C to allow the 
ninhydrin to react.
A similar plate was developed and sprayed with 3$ HBr in glacial 
acetic acid, followed by nitrite reagents (see Chapter 3).
Preparative thin layer chromatography was performed on the extract 
using 20 x 20 cm. plates. Separated components were eluted from the 
silica with acetone. The acetone was then removed by rotary evapora­
tion.
6.2.4. Alkaline Treatment of the Extracts
A portion of extract was dissolved in acetone and a few drops of 
10$ sodium hydroxide were added. The mixture was left at room tempera 
ture for fifteen minutes and then evaporated to dryness on a rotary 
evaporator. The resulting solid was taken up in 4 ml. glacial acetic 
acid. The solution was divided in two, to one half,nitrite reagents 
were added while the second half was tested for the N-nitroso group, 
using the method of Eisenbrand and Preussman (see Chapter 2).
6.2.5. Infrared Analysis
The product from the nitrosation of glycyl glycine was extremely 
hygroscopic and had to be stored in a vacuum desiccator over silica.
It was not possible to make a mull of the sample, in order to obtain 
its I.R. spectrum, because when the sample and nugol were mixed 
together, they fused into a sticky mass and turned the sodium chloride 
plates opaque. The sample was insoluble in carbon tetrachloride and 
carbon disulphide. The infrared spectrum was taken therefore with 
the sample incorporated into a KBr disc, using a Pye Unicam SP200G 
infrared spectrophotometer, scanning between 4,000 to 650cm The 
spectra were calibrated using the absorption peak of polystyrene at 
l,603cm"~^. Infrared spectra were also taken of the nitrosated products 
of the other peptides, when sufficient amounts were available.
6.2.6. Mass Spectrometry
A low resolution mass spectrum of the nitrosated product from 
glycyl glycine was taken, using the solid inlet system of an Hitachi- 
Perkin Elmer RMU7L mass spectrometer.
6.3. Results
6.3.1. The Nitrosation of Glycyl Glycine
The nitrosation of glycyl glycine, by the method described in
6.2.1. yielded 1.84 g. of crude product and 0.94 g. of acetone 
extracted material. On examination for the N-nitroso group, the 
extract was found to contain 0.009 m. moles of NO, which gave the per­
centage nitrosation of glycyl glycine as 0.09$.
The separation of the nitrosation product by thin layer chroma­
tography showed several components to be present, these are shown in 
Fig. 6.1.
RF VALUES
1. Glycyl glycine
2. Glycine
3. Nitrosated product
Shaded areas = ninhydrin 
positive component
Dotted area = ninhydrin 
negative
64.4 a
51.5-
40.9* U B
28.6-
23.2-
A
10.4
Fig. 6.1. THE SEPARATION OF PRODUCTS FROM THE NITROSATION OF GLYCYL 
GLYCINE BY t.l.c.
Component A, reacted with the nitrite reagents, to give a pink 
colouration, whilst component B turned only faintly pink to these 
reagents after the plate had been sprayed previously with 3$ HBr in 
glacial acetic acid.
Thus component B was further investigated after a larger sample 
of it had been obtained by preparative t.l.c.
Alkaline Treatment of B
If the peptide bond had undergone-nitrosation, then the product 
would be an N-nitrosamide. A general property of simple alkyl N- 
nitrosamides is that they are extremely stable under acid conditions 
but unstable in alkali (Magee and Schoental, 1963).
No nitrite was released from the hydrolysis of B with HBr follow­
ing the alkaline treatment, which indicated that the product B was
unstable in alkaline conditions.
Infrared analysis
The infrared spectra of glycyl glycine and the nitrosated product
from glycyl glycine (B) are shown in Figs 6.2 to 6.5.
Considering the action of nitrite on glycyl glycine, it is possible
that two reactions may occur,
(1) the nitrosation of the peptide bond
(2) the deamination of the terminal primary amino group.
Thus spectral changes associated with the second reaction may also
be seen. The main product of the deamination is likely to be replace­
ment of the -NI^ by -OH. In the infrared spectrum, the vibrations due 
to the primary amino group, i.e. N-H stretch afc 3500 cm" ^  and N-H bend 
in the region 1650 - 1590 cm. ^ may disappear and OH bending and
stretching vibrations may appear due to the formation of a primary
alcohol; these are in the regions of 1050 and 3650 - 3590 cm  ^res­
pectively.
N-nitrosamides can be readily identified by infrared spectroscopy
(Lobl. T. 1972). There is a characteristic shift of the amide 
carbonyl stretching frequency from 1680 - 1630 cm \  in the un- 
nitrosated molecule to 1755 - 1715 cm \  in the N-nitrosated deriva­
tive. It should also be possible to note the disappearance of the 
N-H stretching and bending vibrations at 3400 cm \  and 1550 - 1510cm.^ 
respectively. Vibrations associated with the N-nitroso group should 
be observed. The N-0 stretch for N-nitrosamides occurs in the region 
1515 - 1530 cm and an N-N stretch 1150 - 1000 cm (Rao and 
Bhaskar, 1969).
As can be seen from Fig. 6.2., it was not possible to distinguish 
the various stretching and bending frequencies in the region 1700 - 
1500 cm .^, associated with the functional groups of glycyl glycine 
hydrochloride. This may have been due to the fact that a great deal 
of the absorption in this region was overlapping, because the funtional 
groups were so alike i.e. a carbonyl stretching frequency from the 
carboxylic acid and from the amide linkage and an N-H bending frequency 
from the amide and the terminal amino group.
Therefore, studying the spectra of the nitrosated and un-nitrosated 
compounds, the characteristic shift of the amide carbonyl stretching 
frequency, which should have been observed, as mentioned earlier, could 
not be seen. However, in Fig. 6.4., an absorption was seen at 17’30cm 
which was in the correct region for a carbonyl stretch of an N-nitros- 
amide (1755 - 1715 cm ^.). Also, absorptions in the nitrosated pro­
duct were seen at 1550 cm and 1080 cm ^., which could be N-0 and
N-N stretching vibrations respectively.
At the lower wavelengths, it was not possible to decide whether 
the -NH stretching frequency of the terminal amino group had been 
replaced by an -OH (alcohol) stretch, as the nitrosated product showed 
a broad, weak absorption band from 3400 to 3000 cm However, it
may have been that the absorption at 1030 cm was an -OH bending 
vibration, due to an alcohol.
Prom the infrared spectra, there was definite evidence that the 
amide linkage of the dipeptide could have been nitrosated, although 
action of the nitrous acid on the terminal amino group was uncertain.
The mass spectrum obtained of B is shown in Fig. 6.6. A 
molecular ion was detected at m/e 162. This would indicate the 
deamination of the terminal amino group and the nitrosation of the 
amide linkage of glycyl glycine, and would correspond to a molecular 
formula:-
OH. CH2.00. N . NO. CH2. CO 2H .
A large peak at m/e 30 was observed, which indicated a nitrosated 
derivative. A peak at m/e 132 was not detected; this would have 
indicated loss of NO (162-30) from the molecular ion. A large peak 
at m/e 102 i.e. loss of 60, was observed, which could be loss of 
- ^ ^ 2.C02H. There was a peak of medium intensity at m/e 72, which 
was 102-30, and could be loss of NO. However, compared to the 
intensity of other peaks in the spectrum, the peak at m/e 72 seemed 
less significant.
The rest of the fragmentation pattern could not be interpreted 
as belonging to the molecule illustrated above.
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6.3.2. Nitrosation of Other Peptides
Table 6.1. shows the percentage nitrosation that occurred when 
simple peptides were treated with an excess of sodium nitrite at 
pH 2.5
Infrared spectra were obtained for the nitrosated products of 
five of the peptides, namely, L-seryl glycine, L-phenylalanyl glycine, 
L-tyrosyl glycine, glycyl-L-prolyl-L-alanine and L-propyl glycine. 
These can be seen in Appendix A (Figs. A1 to A20).
In all the spectra, the characteristic shift of the C-0 
stretching frequency can be observed, from 1680 cm \  in the un- 
nitrosated amide to 1730 cm \  in the nitrosated molecule. The 
N-0 stretch at 1500 cm can be observed in all the nitrosated 
derivatives except for that cf glycyl L-prdyl-L-alanine. In several of 
the spectra, the N-H stretch at 3400cm \  associated with the primary 
terminal amino group in the un-nitrosated molecule, is seen to 
disappear on nitrosation (this was not the case for the nitrosated. 
product from glycyl glycine).
The I.R. spectra of prolyl glycine and its nitrosated derivative 
show distinctly the disappearance of the N-H stretch on nitrosation 
and a very strong absorbance at 1500 cm indicative of a N-0 
group.
6.3.3. Nitrosation of Other Naturally Occurring Amino Compounds
Table 6.2. shows the percentage nitrosation that occurred when
naturally occurring amino compounds were treated with an excess of 
nitrous acid.
TABLE 6.1. THE NITROSATION OF PEPTIDES AT pH 2.3 WITH EXCESS
SODIUM NITRITE
Peptide Peptide 
(m. moles)
Sodium Nitrite 
(m. moles)
Percentage
nitrosation
Glycyl glycine 10.0 50.0 0.09
L-Prolyl glycine 0.5 2.5 13.4 •
Glycyl L-proline 0.5 2.5 ' 0
Glycyl L-prolyl L-alanine 0.3 1.5 0.1
L-Lysyl glycine 0.04 0.2 0.1
L-S e r y 1 g ly c ine 0.3 1.5 0.17
L-Phenylalanyl glycine 0.2 1.0 0.14
L-Tyrosyl glycine 0.2 1.0 0.24
L-Glutamyl L-glutamic Acid 0.3 1.5 0.03
L-Histidyl L-histidine 0.15 0.75 0
L-Histidyl L-leucine 0.1 0.5 0
L-lysyl L-lysine 0.3 1.5 0.2
TABLE 6.2. THE NITROSATION OF SOME NATURALLY OCCURRING AMINO
COMPOUNDS AT -pH 2.6
Compound Formula & Occurence
Percentage
Nitrosation
Proline CH - CHt 2 | 2
CH CH.COOH
¥
H
In proteins
22.0
Histidine
NH 
\ 2
N - C - CH0.CH.COOH 
II \ b 2 
HC —  N''
f
H
In proteins and blood
0.02
Arginine H NH 
' 11(ch2)3 - n - c - nh2 
s
H2N - CH - C02H
0.03
In proteins and muscle
Tryptophan u2
--- rrCH CH. COOH
U v  2
H
In proteins and tissue
0.02
Hydroxyproline OH.CH - CH
/ 1 2
CH0 CH.COOH 
vg /
N
I
H
43.0
In proteins 
0
Orotic acid
- A
j i^ ^ C O O H
0 i 
H
In Milk and is inter­
mediate in pyrimidine 
synthesis
0.
/cont. over
TABLE 6.2. Cont.
Percentage
NitrosationFormula & OccurenceCompound
17.0CH.Sarcosine
HN. CH_.COOH
In shellfish
CH.
Thymine HN
In DNA
Uracil HN
NH.
Cytosine
HN-
NH.
‘Adenine
OH
Guanine
0.02Hypoxanthine
I ii /
S v  n ^ x n ' 
i
H
/cont. over
TABLE 6.2. Cont.
Percentage
NitrosationFormula & OccurenceCompound
Hydantoin
Allantoin
NH,
6.4. Conclusions
The nitrosation of glycyl glycine produced a product which was 
unstable under alkaline conditions, this is indicative of a N- 
nitrosamide; infrared examination of this product also suggested 
that it could be an N-nitrosamide. The presence of a molecular ion, 
at m/e 162 in the mass spectrum of the nitrosated product,suggested 
that a compound of the form
o h .ch2.c o .n .n o .ch2 .co2h .
had been formed. Here, the N-terminal amino group has been deaminated 
and the amide N-H group has been nitrosated. . '
Thus there was evidence to indicate that the amide linkage of 
glycyl glycine could have undergone nitrosation, although the yield of 
the nitrosated product was low.
The ease of nitrosation of any compound ultimately depends on 
the availability of the lone pair of electrons on the nitrogen atom.
Considering an amide, therefore
O H  
li I
R - C - N - R1 -
• •
the electron withdrawing carbonyl group adjacent to the basic centre 
exerts a mesomeric effect
o
i.e. IK | | ©
R - C - N - R» 4 ------ }  R - C = N - R»A  ..Kj
and the lone pair of electrons on the nitrogen become less available 
for reaction with the nitrous acid. This could explain the low yield 
of nitrosated product from the reaction of nitrous acid with glycyl 
glycine.
It also appeared that most of the other peptides examined were 
nitrosated to a similar extent as glycyl glycine and that neither a 
marked increase nor decrease in nitrosation was obtained by substituting 
different types of amino acids for glycine. The exception to this was
prolyl glycine, which could undergo nitrosation at its N-terminal 
secondary amino group, as proline is an a-imino amino acid.
From the infrared spectra that were taken, similar absorptions 
were obtained for these nitrosated derivatives as for nitrosated glycyl 
glycine, there being a characteristic shift of absorption of the 
CO (amide) stretching frequency on nitrosation.
Of the naturally occurring compounds that were nitrosated, only 
proline, hydroxyproline and sarcosine produced significant quantities 
of N-nitroso derivatives (these have been well documented by Lijinsky 
et al.. 1970). The reason for the other compounds not nitrosating 
readily could have been the presence of carbonyl groups in the molecules 
exerting mesomeric effects on the amino groups and thus making nitrosa­
tion unfavourable. The treatment of these compounds with nitrous acid 
could have produced volatile N-nitrosamines , as Fiddler et al. (1972) 
showed the production of DMN from biologically occurring tertiary 
amines and quaternary ammonium salts. However, if this was the Case, 
any volatile nitrosamines would have been lost during the freeze drying 
of the product.
CHAPTER 7
GENERAL CONCLUSIONS
GENERAL CONCLUSIONS
N-nitrosamines and N-nitrosamides have been shown to be potent 
carcinogens to a great number of laboratory animals, even in minute 
doses* Humans however have not been exposed to these compounds in 
the long term and direct evidence of human carcinogenicity is diffi­
cult to obtain. Only epidemological studies are possible and rare 
cancer sites, such as the oesophagus, and primary liver tumours must 
be investigated with carcinogens in mind. For example, widespread 
oesophageal cancer among the Bantu in the Transkei has been associated 
with the presence of N-nitrosamines in their staple diet. The acute 
toxic effects of N-nitrosamines liave been demonstrated in a few 
human cases, where industrial workers handling DMN developed severe 
liver damage; these effects were similar to the acute toxic effects 
of DMN in laboratory animals. Although studies on carcinogenesis in 
laboratory animals cannot be directly extrapolated to man and no 
direct evidence is available 6f these compounds being carcinogenic 
to humans, the presence of any such carcinogen in the environment is 
a very serious problem. Most authorities now believe that there is 
little doubt of the carcinogenicity of N-nitroso compounds to humans 
and that their possible presence in the environment constitutes a 
hazard which should not be underestimated.
A major potential source of N-nitroso compounds comes from food 
products that are treated with sodium nitrite as a preservative.
With the advent of extremely sensitive techniques for the detection 
of N-nitroso compounds, their presence in various cured meat products 
has been demonstrated with alarming regularity. N-nitroso compounds 
have also been detected in tobacco smoke, a fact that could be 
correlated to the incidence of lung cancer in smokers.
As well as these direct sources of N-nitroso compounds, there 
are many sources of their precursors in the environment, which possibly 
could react to form N-nitrosamines or N-nitrosamides. Sodium nitrite 
is usedinthe food industry, whilst nitrates are present in most vege­
tables and plants and conversion to nitrite can readily take place 
under suitable reducing conditions. At the moment, there is growing 
concern about the increasing amounts of nitrate being found in our 
water supplies. This is due mainly to the falling levels of water 
tables and also to the over use of fertilisers.
In our food supply, there is an immense range of potentially 
nitrosatable amino and amido compounds. The study of the amount of 
N-nitrosation that could occur, when a range of foods were treated 
with large excesses of sodium nitrite at pH 3, showed that all the 
foods were capable of producing volatile and non-volatile N-nitroso 
compounds in significant amounts. Cheese and milk produced the 
highest amounts of volatile N-nitroso compounds (10 20yj.mole /Kg. 
and 1-ylyjLmole/litre respectively). Although the amounts of volatile 
N-nitroso compounds represents only a small proportion of the total 
nitrosation that occurred, toxicological studies in laboratory animals 
have shown that only small amounts of these compounds are required in 
order to give a carcinogenic effect. Eggs yielded the highest con­
centration of non-volatile N-nitroso compounds (570 880^u.mole /Kg.). 
However, the carcinogenic activity of these compounds has yet to be 
investigated. All the foods studied produced considerable amounts 
of both types of N-nitroso compounds, showing that there were 
obviously many nitrosatable amino and amido compounds present. The 
observation that peptide bo.nds could be nitrosated is significant here. 
Although the yield of nitrosated peptides from model compounds, such 
as glycyl glycine, was low, when the number of peptide bonds present
in protein-rich foods is considered, then because of their high 
number, their nitrosation might be important. The fact that phos­
pholipids, extracted from foods, gave volatile N-nitrosamines after 
reaction with sodium nitrite demonstrated that somewhat obscure nitro­
genous food components can yield these compounds (lecithin is used in 
the food industry as an emulsifying agent). Thus the precursors to 
N-nitrosamines in foods are many and varied.
It has been suggested that the reaction of these precursors ’in 
situ' in the favourable acidic environment of the stomach to form N- 
nitroso compounds may be a far greater risk than their actual presence 
in the environment. As a consequence, the mechanism and kinetics of 
N-nitrosations have been studied extensively by many workers. The 
most critical factors affecting the rate of nitrosations are the pH, 
the nitrite concentration and the basicity of the amine. The presence 
of certain anions can also inhibit or enhance the rate of nitrosation.
Studying the rates of nitrosation of amines in different media 
showed that human gastric juice was a slightly more effective medium 
than an essentially non-catalysing medium.
Examining the catalytic effect of various biological anions in 
model nitrosation systems showed that the thiocyanate ion is by far 
the most effective catalyst for nitrosations and by comparison, the 
other anions examined are of little relevance. The fact that the 
thiocyanate ion has proved to be such an effective catalyst, and that 
it is a normal constituent of human saliva, makes it worthy of further 
study.
The presence of various primary amino compounds in the model 
nitrosation systems led to a decrease in the rate of nitrosation.
As such compounds are to be found in plenty in foods, especially those 
rich in protein, their presence in the stomach is likely to act in an
inhibitory manner towards any possible nitrosations. Ascorbic acid 
is also inhibitory to nitrosations, and thus it may have extra bene­
ficial properties, when taken in our diets.
As far as actual ’in vivo' studies are concerned, there have been 
many experiments to show that feeding nitrosatable amines and nitrite 
to laboratory animals can produce the corresponding N-nitrosamine in 
the stomach. This treatment has also resulted in the production of 
malignant tumours. However, in most of the experiments to date, 
unrealistic concentrations of sodium nitrite have been used, far in 
excess of the concentrations likely to be encountered in a human diet.
The average daily intake of nitrite has been estimated at 22 p moles. 
However, in patients suffering from achlorhydria, very high concentra­
tions of nitrite can be found in their stomach contents (24 mg./lOO ml.), 
possibly due to microbial colonisation and reduction of nitrate to 
nitrite. In any experiment to determine whether 'in vivo’ nitrosa­
tions can occur in the stomach, the nitrite concentration is most 
critical, since the rate of nitrosation depends on the square of the 
nitrite concentration for secondary amines and on its cube for tertiary 
amines. Thus large concentrations of nitrite will lead to exaggerated 
reaction rates and yields of the N-nitrosamine. The amines used in 
past 'in vivo’ studies have often been of little relevance to those 
found in the environment and have also been used in large amounts.
Using low concentrations of sodium nitrite (10 and 100 ppm) and 
food as the reactants, it was possible to show that in the artificial 
stomach medium, N-nitroso compounds could be produced from the amino 
and amido compounds present in the food. Although cheese was the only 
food to yield volatile N-nitroso compounds, all the foods examined 
yielded significant amounts of non-volatile N-nitroso compounds, using 
these realistic concentrations of nitrite. Overall trends showed 
that the amount of nitrosation increased at higher pH values and at
higher nitrite concentrations. The incorporation of thiocyanate
into these incubations did not alter the amount of nitrosation that 
was occurring.
‘In vivo’ studies in dogs, fed 1,000 ppm nitrite and 500 ppm 
dimethylamine, led to the production of 20 200 ppb of DMN in their
stomachs. Considering the initial concentrations of the reactants, 
the yields of DMN were particularly low. This emphasised the 
importance of the basicity of the reacting amine. The observation 
that the higher stomach pH produced higher yields of DMN showed that 
the pH of the stomach is also extremely critical.
Human ’in vivo’ studies, using bacon (containing 180 ppm nitrite) 
and eggs, yielded no detectable nitrosation in the stomach. The 
most notable observation here was that the consumed nitrite almost 
completely disappeared from the stomach after half an hour, thereby 
making the chance of any nitrosation occurring much less probable. 
Comparing the 'in vivo' experiments in dogs and in humans, the fact 
that nitrosation only occurred in the dogs stomachs could have been 
due to their higher pH values. Although larger amounts of nitrite 
were used in the experiments with the dogs, the nitrite losses from 
their stomachs were also quite high and these losses were found to 
increase with lowering pH values.
That no nitrosation could be detected in the stomachs of the 
humans who ate bacon and eggs, was obviously encouraging, particularly 
when one considers the amount of nitrite that.the volunteers consumed. 
This amounted to half a pound of bacon containing the maximum permitted 
residual amount of nitrite, which could not be regarded as a normal 
meal. These negative results were certainly due to the fact that the 
nitrite disappeared far more rapidly than expected from the stomach. 
This could have been due to the pH of the stomach, to the reaction of
nitrite with compounds to yield products other than N-nitroso com­
pounds, or to the absorption of nitrite from the stomach.
It was obvious from these studies that the question of whether 
nitrosations with realistic amounts of nitrite can occur in the human 
stomach, can only be answered by performing actual human 'in vivo' 
experiments. For, although it was possible to demonstrate the nitro­
sation of foods with low concentrations of nitrite in a medium that 
simulated the human stomach, when the experiments were performed 'in 
vivo' in humans, then no such nitrosations could be detected. The 
study of the rate of loss of nitrite from the stomach must be the 
first consideration, since, if it does disappear as rapidly as it 
seemed to in these experiments, then the chance of any nitrosation 
occurring will be greatly reduced. For example, similar experiments 
could be repeated, with more people and with varying amounts of 
nitrite in the cured product. The rate of loss of nitrite from the 
stomach should then be measured more accurately taking samples of 
gastric contents at earlier and closer time intervals.
The only human 'in vivo' experiments reported to date also gave 
negative results. Piperazine hexahydrate (100 mg.), a weak base 
which is very readily nitrosatable, was consumed with 60 g. of ham, 
containing 120 ppm nitrite, but the nitrosated derivative could not 
be detected in the stomach contents after half an hour (Sander, 1973).
If such a readily nitrosatable amine taken in quantity fails to 
undergo nitrosation, the possibility of smaller amounts of other amines 
present in food producing N-nitroso derivatives will be even smaller.
The extent of the real hazard of the presence of N-nitroso com­
pounds in our food supply, and their possible' formation 'in vivo' from 
their precursors, is still unknown. But while there is still this 
uncertainty, cautionary measures can and have been taken. Sub­
stitutes for sodium nitrite, as a curing agent, which will give products
that are both aesthetically pleasing and bacteriologically safe are 
being investigated, for example curing with nitric oxide; The re­
moval of excess sodium nitrite, after curing, with ascorbic acid is 
also being studied. Where nitrite/spice mixes are kept for long 
periods, e.g.:- in sausage and pie manufacture, these could be mixed 
just prior to use, thereby avoiding any possible interaction between 
the nitrite and amine-rich spices. When large amounts of secondary 
or tertiary amine drugs have to be taken, an enteric coating on the 
tablets to enable the slow release of the amine, would reduce the 
concentration of amine in the stomach. Such measures as these would 
reduce the chance of formation of nitrosamines either in the actual 
food supply or in the stomach. The value of sodium nitrite as a 
preservative must still be accepted,however, as its withdrawal as a 
food additive, without an adequate substitute would surely lead to 
serious outbreaks of food poisoning.
APPENDIX A
INFRARED ANALYSIS OF NITROSATED PEPTIDES
APPENDIX A
The infrared analysis of the nitrosated derivative of 
glycyl glycine was described in detail in Chapter 6. This appendix 
contains the infrared spectra of the other nitrosated dipeptides 
examined in Chapter 6.
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